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[lurinG the pust ten. yea rs or so the pollution in Tal:lpa 
Ga y, Florida has been studi~d · extensively. Legall~, pollution 
is defined with respect to water use classifications. For 
each ~"u te r 
standards are 
use classification, adequate water qual ity 
imposed by law to insure safety to "man, fish 
and wild] ife and to insure that nuisances will not occur. A 
body of water is polluted only 'when it does not meet the 
standards set. for the water use classification applied to it. 
',Jater qual ity standards are set to .insure that: 
(a) 
rna t e ria 1 s 
Coliform 
wi 11 be 
bacteria 
beloh' levels 
and toxic 
knovm to 
affect man adversely. 
( b ) Biological oxy ~ en demand and 
dissolved Q)(ygen le"vcls -. vii 1.1 be .". held at 
I imits known not to adversely .affect fish and 
w-H d 1 ife-. ' 
(c) Deleterious mat e rials wi 11 be 
r educe d to lev e ls - that will not cause a 
nuisance. 
tJo spec i fie men t ion . .of the nu t ri ent s phosp ho rus and 
i 5 ma d e for est u a r i n e \,1 ate r s in water q~al ity · 
stClndards. High nutrient levels, hov/cver, cr ~;:tr. oxy .,,;~ n 
rl e~and and ~ay cause n nuisanc~, since nutrients encoura ~e 
the g rowth of al~ae Clnd phytoplan kton. 
r1icroscopic plants known as phytonlankton exist 
throu ghout the oceans of the world. They pro~u ce ox y ~~n; in 
.cact, they are prohably the source of most of tl,e oxy~en in 
the atmosphere. Phytoplankton have 1 ife cycl~s on t ~ e order 
of hours. This Means that there is always a po rtion of t ~e 
population 
I)iological 
1 i fe \r.Jh i ch 
in a 
oxygen 
feed 
deCOMposed state, producing a backgro unrl 
de~and. ZooD1Clnkton, Microscopic ani~al 
on phytoplankton, also contri hute to the 
background oxygen demand by the same mechanisM an d ~ y their 
respiration. Phytoplankton growth may becoMe rlens~ enou gh to 
limit the 1 i ght reaching desirable s~a grasses. 
Specific 1 imits to the concentration of p~0sph o r u s an n 
nitrogen have not been defined by biolo ~ is ts for a 
productive estuary. The prohlem is complicate ~ because 
nutrients encourage growth . of plant s which, in turn, decay 
an d become food for shrimp, mullet and other animal 1 ife at 
the bottom of the food chain. The effe c ts of nu t ri e nts, 
th e refore, are to raise the nackg ro tJ nn oxy n; en :i~rn an,..f a n ~ t o 
contribute to nuisance situations in Tam~a r,ay . Thi s is a 
1= o r m o f ~ollution, hut not in i t s e lf ha r"1 f! Jl t n ['"lan o r fi sh 
a nd \r.J il rl ll fe in the qu antitie s e viden t in Ta 'ina f3 a y . 
r o ll uti o n i n Tampa Bay , "li t h t he exce:-1tion o f !nl lsh0 ro u,,; h 
BoY, is co nfined to the r; p. n ~ ration of: nuisances ~y the 
existence of hi~h nutrient lp.vels. 
A stu d y 0 f H I 1 1 s h 0 r 0 U F, h [1 () Y h y the Fe n era 1 ':J a t n r 
Quality ArI-,inistration (a fOrf~rLlnner of th~ Environmental 
Protection A~ency) in 19f)9 shQl.'/erl thnt: 
(a) The existence of hi~h colifor~ 
counts in Hillshorough Ray was the d irect 
consequence of Dri Mary-treate d sel'Jagc \·Jlthout 
Droper chlorination being disch()rgeri hy the 
City of TamDa. 
(~) The nutrients in Hillsborough 8a y 
were traced to s i x major sources includin g 
rivers, industries a nd sewage pl ant outfa1ls. 
(c) The imMediate cause of nuisnnc e 
odors along Bayshore ~oulevard in TaMpa was 
the death of an algae riue to 101'''' sal inity 
durin g periods of high fresh \'Ioter __ JD-:f1Q',J_. _____ _ 
In order to investi ~ate the possl~le e-Ff~cts of v ~ r iou s 
~ r ed~e -and-fi1l oDerations (s uc h as harhor ~ e eD e ni n~ , snn il 
islon d p1ace~ent, a nn the location of causewa ~s an~ hriri~ p.s ) 
nn th e c i r culation pattern of Ta MD() !1 a ~/, t~ e Str l! ct u r es , 
~a t e ri a l s 2nd Flui ds Oenor t mc nt of t hp Colle ~~ of 
r:nn;ine p rin ~ a t the {! niversi t y nf Sout h ·r:l o ri da deve 1oDc0 a 
CO'lputer pro~ram to slrllllate the hydraul ics of' a s hCll 10u hay 
or estuary. Corresponding proGrams to si'l!J1at n thp. \'J() 'ter 
(]lJal ity of a bay I'Jere deve10~erl for the purf)0Se of 
projectinf; the future water qlJCllity of a h() ~' unr:ler various 
0ifferent conditions. 
U.S.F. HYtlRAULI C B.lI. Y r·J r.~EL 
Th e bay mo de l develo pe d ~ y t he 3 truc t ures , Material s 
and FluiJs Oe pa rtlilent of t he Univ e rsity of SOut ;1 Florida 
consists of a set of of linea rize d , vertica ll y i nt e g rat ed 
equ a tions of lIloti o n, continuity a nd trans port for th e 
tvJO-dimensional flm/ found in shallovI bays and estuaries. In 
the h yd ra u l ic J1or t ion of t he mo de l, t he 1 i nea rize d , 
vertic a lly integ rated equation s of motion an d contin u it y c a n 
be expresse d as follows: 
au aH F IQI U 
= -gD 
? t ax 2 
D 
"v aH F I QI v 
= - gD 
= t ay ' ) t-
D 
oH au av 
+ + = 0 
c :: ax ay 
,. 
I... I v = t he wa t c r tran s port s in th e x- and 
y- d irect i o ns, r es J1 c ctiv e l y , in f ee t s qua r ed per secon d 
~{ = t he \ / a t e r s ur fa c e e l e va t io n , i n f ee t a b 0 v c or 
f"l = H - Z 
Z = the oepth of tnp. b~y ~f")tto!'1 . he19_tl.~ th'e .. ¢ta .turri~ 
, i n feet 
~ = the ~cceleration rltle t(') g r~'v 'ity, ·.to ' f~·et . per. 
second squared 
F = the friction f~ctor 
F = 
2 
g n 
1/3 
2.21 D 
n = ~·1a n n i n r, t S n 
Q = the resultant tranSDort 
Appl ication of these equ~tions is done bN a finite 
rlifference 'iethod, usin~ ~ grici nRt cons·i·st;jnp. o·f ur:fi-form 
sq lla res representin~ the <:Jrp.Cl to he sl'iulateo. See Figure 1 
f 0r a description of the locCltlons I'lithln th.e f$.rid of the 
flow parafTleters IIRntionerl ahm/e. ""h~ Vi1llle'S of U and v" ar'e 
4= () ! I n d for e a c h r; r i ci a s C1 f I In C t ion 0 :: the wa t e. r .e 1 e vat .j 0 n 
j-l j j+l 
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Fig"":-c 1. Fin.ite Difference Giid [or 1!yckc::ulic l~l 
difference ~e tween adjacent ~rirls. Once th~ transpnrts hav~ 
been calculated, they are used with the contin tJ ity e~uation 
to calculate the new w~t~r elev~tions. T~e continuit y 
condition simply requires that the v01u~e of water enterin~ 
a grirl, ninus the volurl(~ o-!= \'/ater leavinr; the ~rid, equals 
the volume change of water within the ~rid. '\ flnlt~ 
,.-1·4=f 
. . I , . erence Corm of the equation is us~d to calc~ll()te n~\" 
water elevations during each tiMe step. The new el~vations 
are then ~Jsed to calculate the transports for the next tine 
step so that the algorithm continues for as nany tine steps 
as desired. I f a source or s i nl: such as a strean, a Se\'fa<;e 
outfall or a pO\'Jer plant intake or o ~Jtfall is present, the 
volune of "later ~dded to or subtracted fro:1 tl,e sqlJare vJhere 
the source or sink is acting is also calclllated as a chan~e 
in water surface elevCltion dtlring ench tin~ step. 
The solution nethorl described ~h()ve is sinilar to tl,at 
used by Reid and Bodine i n their nume r i Cc:l 1 nodel of 
Galveston Ray, Texas ( 1) • 
In order to conpletely define the hyrlraul ics of a 
s i I~U 1 rt te d a reCl, a f ill 1 set of bo !mdary con d itions l"i1ust be 
SIIPDl ied. T~e U.S.F. bClY Moriel 1<; uni~lIe in t he :;reat nu'!h~r 
and variet y 0f boundnry conditions tl,rtt It c~n ac:c:~~'!o~(]t e . 
netl:l ils \·!hich control the flO\/ o f \'J~ter \·tithin a ba~1 ma ~' I..,e 
of such s[Tlall scale that they CClnllot be adeq lJ?te l ,:' sinulClte rl 
~y other co~puter hydrc:lul ic Models. 
availahle in the U.S.F. morl~l, hO~'Jever, incl IH'ie : rivers, 
sewage · outfalls, extended ontfalls,r)o"!er [,)lant int<1l:es anri 
()utfalls, offshore snrin~s, snall islan .~s, narr0"! cause"lays 
and brid ,~es, -:lredged shin channels, snoil islan -:1 s, -sub':lergeri 
sand bars and land areas ''Ihich may be overrlm by flood 
waters. See Figure 2. 
But the most ir.1portant D()lmdary conrlition is the on e 
\~hich represents the action of the tid~s. ~rivin~ ~ u nctions 
ntIS t be supp 1 i ed to the r.1(')(1e 1 of an a rea vJhe reve r it is 
connected to, and therefore affected by, a large Dody of 
water. The driving function is in the general forn of the 
Fourier series: 
HG = A + B sin(wl t + pI) + C cos(w2 t + p2) 
where: 
HG = the elevation of the water in the driven 
square at a ~iven time t 
A = a constant 
8 , C = ampl iturles 
':11 , \'12 = frequencies 
[')1, p2 = [')hase shifts 
Hater cr.::. 2..id Y,,'1o.·m Height 
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3c :~C2...J' :::: :-: ~ ~ ::",)D3 ',. ,!1ic..~ C~l Be Sir~\.22-: e-:' 
by ":~-: .~.:: ? :-: :::' ~-2 1. 
The U.S.F. hydraulic hoy morl~l has . been ao,lieri to 
f i f tee n are a 5 i nth eTa m paP, a y S Y s t e ~.., (a s \\I ~ 1 1 nsf 0 '. 1 rot her 
hays in Florida and one each in f\lilsk<1, Rermuria <1n'i PanCl'1a) 
\'1i th a ~reat measure of success. The apnl i cat ion of the 
~odel to Tampa Bay for the purpose of simulating nutrient 
distributions in the Bay was acco~pl isherl ~y sunerlm~nsin~ 
over the BClY a netv/ork of r;rid sqUrlres rtlccls1lring on~-half 
,.."ile on each side. See Fi~ure 3. (This anri all sir:-:ilar naps 
\-Jere rlra\\~ hy a CalcorrJp Plotter using datn anr. computer:! 
results stored in the computer or on na~netic tape.) 
The success of any hydraulic simulation can be measured 
~y the accuracy with which it reproduces kno\'m tide heights 
and velocities. Fieure 4 ShOl'IS an example of the accuracy 
<1chieved ~y the U.S.F. hydr<1ullc model over 5-Minute 
intervC'lls for an 84-hour period on October 1'3, 1971 thrO!l?~h 
C)ctoher 1971. The error of esti....,atc for tJ-,c ,l ata shn'.·m 
is 0.032. Comparisons of calculated an1 observed tide 
h e i g h t s for the sam e 9, 4 - h 0 tJ r per i 0 d a t 1 3 tid e g C'l g e s I'd t h i n 
TC'lmpa Ray yielded errors of estimC'lt~s rangin~ fro~ o.on~ to 
n.~32. In the absence of detailed wind data, no atteMpt was 
"lade to si"1ulate \'1ind conditions d l,ring this hyrlra u lic rtln, 
so the rJ iscrepancies observed are at least partiallv aile to 
wind activi: y en. Si'lilar accuracy ha s heen . obt.Jine,..l f o r 
velociti c s "t nine stations i n TaMrJC'\ Ray, \'"here dat Cl \'/as 
ohtaine~ ~y the use of Generill nc~ a nics curr~~t '1et ~ rs. 
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Figure 4. Verification of the USF Hydraulic Hodel of Tampa Bay 
A cOMplete -nescrtf)tion of the - U.S.F. hy--!r2ulic hay 
~0del for the rlt~ital cOMputer MnY he o~taine r fro~ re~orts 
~y Ross ( 3 ), Ross and Anderson (4), Cote (5) an~ ~ord (2). 
S0me exar.1p 1 es of the use of th i '> !""lo-de 1 in the TarlPil Ra Y 
region are contained in reports concernin~ the harb0r 
deepening project in Tampa Bay (6), shell drerl~ing (7) anrl 
the feasibil tty of a one-way tirlal gate nn the COIJrtnev 
CaMpbell Causeway ( R). 
u . S. F. t'!f\TER QlJ.'\LI TY R,\Y w1nEL 
The water quality co~puter pro ~ rams rlAv~loD°rl by the 
Structures, ~1aterial s ann Fluirls nepart~en t of t~~ 
University of South Florida ar~ di~ital si~u lations of the 
t\lJO-dimensional mass transport fOlmd in shall"' .... bays an r! 
estuaries such as TaMpa 8ay, Floriria. In these shallOt" hays, 
only a relatively ne g lr~rhle vertical stratification is 
Dresent. Therefore, a vertically inte~raterl for~ of the mass 
transport equation may he used. This equation May be 
expressed as: 
oC CD) a( UC) a (VC) a ( a (C D) ) 
= + ( Ex ) 
3 f-
... 
a x a y ax ( a x ) 
a ( a (co) ) 
+ ( Ey ) + 0 - Ken 
~ ( a y ) 
Itthe re: 
C = the vertically avera ~e rl concen t ration of a 
r>o llutant 
t = time 
n = the total depth of ~ater 
u, V = t ransnorts in th~ x- anrl y - 1 ir~ction s , 
respectively 
Ex, Ey = the total disrer s lnn co~~ficien ts in t~p. 
x- anrl y-directions, respectively 
Q = the source rate of the pollutant 
K = the rlecay rRte of the rnllutRnt 
For conservative suhstRnces Sti ch as r h f) sr'~ o ru:, and 
total nitro7, en, the rlecay rate, 1\ , is approxi '!1 atel~1 eqlJal tf) 
zero, and t hus the last term in the e~uation i s droaoe d . 
For appl ication to a hay, the nass transoort equation 
is solved by the finite difference nethod on square ~rids. 
To mininize computer run tine, hyriraulic in fo rmRtion 
required hy the water quality morlels is reRd fron ~R ~netic 
tapes produced as o utput by the corresponrlin~ hyrlraulic 
Morlels. Pollutant sources in these morlels may incl u ~e sewa~e 
treatment :)lants, industrial o:rt f a lls, nrlt tl ral s~re?f"T1S an~ 
urban runoff. At openings to the Gulf of Mexico, bay water 
is allowed to mix with Gulf water, which is ass ~~erl to be 
free of nutrients. 
The ~ '! ater qual i ty f110del \'/aS teste 0 in Ta r:: ")rl D,av on 
nctober 38 , ::'971 by ri ropping so rl i ll"1 fluorescein dy~ at eir>;ht 
strategi c locations in the Ray ann takin g aerial n ~otog raDhs 
of the riy e rlS it Moved \vith time. S i fT1t llation hy t'l e \·'Ja t~r 
<l u ali t y 1:10 del 0 f the rl y e d r 0 11 sin rl i c (-l t e r' t t, ;) t tl: e ~ i S De r :, ion 
coeffici ents , Ex and Ey, were ne ~ l i~ihle when co~ n2 rerl ~ ith 
the a d v e c t i vet ran s f'J 0 r t • Sin c P. () n 1 y reo 1 t i M~ 5 in ' 11 Cl t ion s 
',',ere to be used, it \\I(]S asslJrned thnt, for 011 practic.::1l 
f)urposes, 
Ex = Ey = () 
A more rletailed descrintion of the U.S.F. water quality 
conputer Model May be obtained from a renort by ~oss anrl 
Anderson (10). Sone of the areas within the Ta mDc] Say rp.~ion 
\'/here this n odel has been npnlied include Tamna Bay 01, 1 2 , 
13), Old Tanpa Bay (14, 15, 16), Rocn Ciega ~ny (17, 13), 
I-lillsborough Bay (18), Clean-later Harbor (I') anrJ Sarasota 
P,ny (13). 
FL t!S ~ I ~ lG OF NUTR I F.NTS F~O >I TI\r ~ PA f', f\'( 
The fl ushing of nutrients fro!.1 TampCl f3ay is t he reslIlt 
of tvJO phenomena. One is a net flo'-/ due to rivers, se\'Jage 
olants nnd rain water runoff. The other is n tidal exch~n~e 
"lith the Gulf of t1exico. 
Stu d ies of tidal flushin~ hnve pro~ resse~ usin~ the 
Mathell1atical hydraulic and dynC!mic "'later <l u ali~ y mo rl ~ls 
develope d 2 t U.S.F •• Sone of the results are -ilscusser:! 
~elow. Figure 5 is a Map of TaMPa Bay showing the locations 
of some of the bays, bridges, rivers and municipalities 
which will ~e referred to. 
The tides of the Tampa Ray re~ion are ~ixed hut 
predominantly semi-diurnal--two high and lo~ tides per day. 
4 ti Me la g of approxi!.1ately three and one-half ho u rs exists 
hetween th e ti Me of hi ~ h ti de at the entrance o f ~anD~ Ra y 
and at Safety Harbor on the northernmost en d of 0 lrl Tampa 
Bay. The time lag impl ies that at any point in the Bay the 
currents do not simply stop and reverse rlirection • . f\" sl O\'/ 
ebb f1mv leaving the Bay meets \·!ith thn 5101:1 incrnin r; fl ood 
f101-/, and 2 period of conf ~ sed flo ,,! res :J1ts. Thi s sitlla t ion 
is illustrated in Figures 6, 7 an d 8. 
F i ),;u re , j sho\'JS Tampa nay a tat i 'Ie of f tl11 ~'- -1 ev~ ll')p e~ 
~hh--lJr :.lu ':: ?;oin g--ti ri e. Fi~ure 7 5h O\ ·/s Ta n f)a t3(J ~/ 2t a ti me 
\~hen the new floorl--or inco~ing--ti rl e is be~inni n~ , ~hile 
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the flo':1 f r e>m the uOf)er r e nc he s o f th e ~?'.1 Is s t ill 
Qu t goin [,; . F iG ure 8 represents the fl oVJ II fe \'J hO ' l r s late r, 
a fter the new floor! ti de has beco~e f u ll y est ab lis~e~ 
throu~hout 
in the Bay 
t he Bay. It becomes ohvio llS tha t a t e ve ry po int 
the local flo\".f r!irections may be q u ite vari er! . 
'1 ith the help of the comf)uter, the ne t flo~ at e~ c~ poin t in 
th e gay ove r n conplete tirlal cycle can be cRlc u l e t erl. The 
r e sult is s hovJn in Fi r; ure 9. An in te r e s t in q; fl m,' phe norlen () n 
is app a ren t in Fi ~ ure 9; th a t i s , the e x ist e nce of net 
rotary currents within the Bay ( mar !~er! by circles in the 
d ia g ram), v/h ich \'Ji11 be referred to here as " ,<;yres ." 
These ~yres have a siF,nificant effect on t he flushin ~ 
of Tampa Bay. They are causer! by '''Liter r1ovin ~ b a c '~ an n forth 
with the tides, while executing a net circular oat h. Se e 
Figure 10 . It may be noter! that the ~ yre s exist in al mos t 
e ve r y port ion of t he ~ ay. In more natu r a l f) Rr t s of the Ray , 
it is Dure speculation whether the ~yres exi st because o f 
the botton depth confi guration, or whet her t he bo tt om 
confi gura ti on is a result of th e gy res. At l ea st on e l Ll r~e 
:;y r e occ ur s C1 t t he hr nnch of t 'le ma in s h i p c'1 ?nne l, just 
s ou t h o f ~1e Int e r ~ay Penins ll 1Cl in t he c e n t~ r of t '1 e ~RY, 
C1 nd ap peR r s ~ o be the result of s ;-> oi1 is1 a n rl ;-> l ace,ent. 
F i Gu r e 11 shm'Js the r! i s tri ~ut io n of '.'/ater te'De r at ll re 
i n TC1mpa ~ ~y ritJ rin r; the "li nt e r () f 117~ , RS netJS:tr~~ I)y the 
'li 11 s ho r oUf~~ Co mt y ~n vi ronmenta l ~ r otect i on r.o~, ission . 
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f\ urin s th e ~ : inter f-:1o n ths, t he wat r:: r " r-, ic h st (] 'J~ t h e lon ::; est 
in the Bay c.. ecomes co o l e st. It \/ ill be noted t l:at col d water 
spots are f oun d i nth 0 s ane g en era 1 1 0 c a t ion s a s the net 
rot Cl ry current s ;-J r oduced by t he U. S .F. hyura u l ic nodel of 
Tampa Gay. 
The flushing of Tampa ~ ay is com p lex. Consider a 
suspended pa rticle of ne ut r a l b:'.JOyancy si mi lar to 
iJi1ytoplankton. This p a rticle GlOV e S in the Bay by virt ue of 
:l ydraul ic d ra g VJith ex istine currents. The motion o f suc r. a 
particle is then dependent upon net velocities such as those 
shoVJn in Fieure 10, and is influenced by t he gyres. A 
dissolved substance such as ammon ia is subject to the same 
transport iTlechan i Sf;"] as \'/C 1 1 as a cl v c ction due to 
concentration g radients. It is also subject to dilution by 
mixin g v:it ;, the relatively clea n water cor.lin .; in from t he 
Gul f of " . !'l ex I co. IUO fl us l1 in ~ ti r,le s \ioul L. t hen be 
expected--one for sus;-Jended material, and one for dissolved 
substances. 
;n t:l the he lp of the c O:ll~) U te r, neu trall .' bUO yclfl t 
;Ja rticle s ':Ie r e p l a ce d un i f o r ; :11 :: over Ta mpu r:l a ~, s pa c e d 
one-hLllf f ' ~ i 1 c apart . Tile moJ el \',:a s run t o si :;1u 12te t h irt y 
d ay s or ;: i "l O in lu ri1i')a Jay . Til e Illo tions of l,2..> !, ;::> a rticl cs 
\,'e r e calc ul.J t ed a n d tr iJ c : ~ ed for eG ch t e n- r.l in u -c c i nt e rv a l o f 
t h e tl drt / days . Th e r csult i n ...; l o ca t ions o f t ile pa rtic1 2 s 
a re shO\m i n F i 6 ure l Z . 
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FIGURE 1:::. LOGA TlONS. OF PARTtCLES AFTER 30 DAYS, 
INITIAL UNIFORM DISTRIBUTION 
5 
~ 
It r.lay be noted t h a t a lar~: c p o-r t ion o f t he Day bCC- , L 
cle a r of particles in t he t h irt y day s . SO:.lC o f the ,... articles 
eas ily four. ': t he ir I /uY ou t o f tile J ay , t hou ,~ h "w ny p- r t ic1 e s 
t e n de d to a ce u in u 1 ate i nt h ere ~~ ion 5 0 f th e e y r e 5 • 
One l a r g e e rou p of pa rticl e s accumulated a t a spot on 
·the Gulf side of t he nOI-t he rn app ro a ch to t he Suns h in e 
Sky\:uy a t t he mou t h of t h e Bay. This ex a ct spot is 
not ed on U. S . Coast and Geo d e tic Survey navi ga t ion c hart s as 
a r ea , v~ h i c h ten d s to c onf i n .l the 
particle-tracking results o f t he U.S.F. hydraul ic model of 
the Ga y. Particles also tende d t o accum~late alo ng the main 
ship chann e l. 
The C 1 e a nJa te r- LC1 r go a r ea , betv.Jee n t he Courtney 
Camp be 1 1 Ca useway and th e Ho ward Franklan d Brid ge, also 
showed an accu~ul a tion of pa rticl es , as d i d Hillsborou g h 
Ja y. A deta ile d s tu dy of a s in ~ l e pa rti c l e r el cas ~ d i n 
Safety iia rbor disclosed a s e ries of rapid transits, then a 
pe rio d c au;h t up in several gy re s , with a final exit from 
Ta mpa ScJy in a pproxi ma tel y t\'/ent ;! mont l~s . The ti me for a 
suspe n de d ,)article t o ex it fr oL; Tam r a Cay is extreme l y 
va ri ab l e , "'; epenclin r; u po n it s i n iti a l l o c at i o n an d the po i nt 
du rin ;; the :idal cyc l e u t \'J h ic h i :: \ :' ':- 5 r e l e as e d . l\ feu ot he r 
Da r tic 1 e s r '2 1 e a s ed n o r tho f t : : c eo t... r t n c, yea r.l p bel C a us e \ F' Y 
fo u n d t ~ :e ir \./a y out of t h e 8uy in fiv e mo nt :1 S . 
S~ ll J / of fl l1s; ~ iil :-: ti mes f o r a d is so l ve d 
sub st ance ;:a s (11so rrlaue . Th is ':Ia s acco i"':'lp lis hcJ '/ f"ilOr k i n ,'':: 
each secti on of t he f3 ay \'Jith t en pa rts per 1~1ill ion (p pi,l ) of 
a non-r eactive su bston c e an e operatin ,r- t ll ro u,::; h mont h l y 
cycles of tides un t il t ile conc entrations were r educed to 1 
ppm or less in all areas. 
The r esultinG time to cause this 90 per cent reduction 
in conc ent rations of a" su b s tan c e in Ta~p2 Bay wa s 
ap proxi r.l a tely 1 3;') da~s . i\Lain, the re g ions of hi .::;I- est 
concentrations te n ded to a ~ ree w it h the locations of the 
g y res. 
By combinin g known inpu t dat a , flow information and 
fiel d dat a , an estimate of tidal flushin ~ can be made. 
Ca lculations have bee n c a rried out for 1 9G~; and 1 972 , bas ed 
on the av e ra g e river f10 \lJ S for those ye a rs. The results 
indicate t ha t 25 . 8 pe r cent o f the tidal quantit : of water 
i s p e n 71 a n e n t 1 y rem 0 v e d f ro i~l T a !:j P ,) G a j' b y rn i x i n ::; \' Ii t 11 G u 1 f 0 f 
j,tex ico \'/ater. The mechanism of tidal flus h in ,~ is such that, 
a sat ide 1 e a v esT a i"';'1 paC a y, i t car r i e s dis sol v e d r;:a t e r i tl 1 i n 
sol uti 0 n • Jut sid e 0 f T a fil P CJ Gay, t he \ ',1 ate r m i x e s H it h G u 1 f 
i,Jater. T he ne\': t i de c Oi;lin z into Ta r; ipa o tly ret u rn s muc:l o f 
t he s.:me c i ssolv cd su iJ stan c c --i n f act, 7 1 ~ . 2 ;Je l" c e:n of t he 
s u b~ t a ncc r et urns (1 ~ ). 
Durin G 19 67 an d I J ~ L~ a det<Jile c stu d y of t l e ~o llution 
problems i n r I ill s b 0 r 0 u G Ii :3 a y \"/ a s car ri c d 0 u t by t he 
~ ! ills bo ro Ut; h Ga y Tec hnical Assis t ance Projec t for th e 
Federal Pollution Control Administra : i on (th e 
forerunner of the U.S. E nviron~c nt a l Protection Age nc y). The 
results of that s tu dy \',e r e p u;) l is he d in a repo rt entitl e d , 
"Pro b l el ;is and !'\ana zer,lent or ilat e r n ual i t y in Hi ll sborou g h 
8<.lY, Flori da," thouf;h it is often referred to as t ~e "Ha c an 
r':epo rt, II a fte r John E. Ha z an, I I I, t he techn i c a 1 d i recto r of 
the project (1 9 ). Fi g ures 13 ail d 1 4 shO\'/ the mea n phos ph ate 
asP an c a nlm 0 n i 2 a s ;1 con c e n t r a t ion dis t ri b u ti 0 n sin 
Hillsboroug h Bay at t ha t time. Fi g ures 1 5 and 1 6 sho~ the 
n itroge n concentrations t h r o ug hou t the ye ar 196 7 at t~o 
s tation s i n Hills boro uGh [\ a :,' . Sta ti o n 8 3 is l c c 2 t ed j u s t 
\:est of Da vis Islands, a bout on e -t h ird of the v/ay dovln from 
th e nort hernmost ti p of t he isl a n d s. Station G8 i s loc a t e d 
Ll bD ut o ne- i',a l f r:l i 1 e c as t of 8a y sh o r e SOll lev an.l , al o ii i.~ alin e 
'\J h i c h t r an se c t s t he s 0 ~ t lie r n h 0 0 I ; o f D a vis' s 1 a n ,- :: , t he ti p 
o f Hoo ke rs ?o int a n d r O I- t Su tto r, . 
p" 
. .1 ) 1 ~ 72 , nut ri e nt le v e l s i n Ta r:lp a Day h'Jd be e n 
:ic te n n i n e e .) \1 J f i (; l d t c s ':: s c on c uc t e ci b "/ t h ~ ~ :a t i o r: io l r·:ari ne 
~ i5 h c ri e s 3~ r v i ce , In s t i t ~ : ~ o f t he 
o 1;2 I I in 
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the Hi11 s bc rou bh C o uil t~/ D e ;J c: rt rlc~ -lt of Poll u tio :. Control 
( 1 a t e r th e ; I ill 5 h 0 r 0 U i~ ; , Co iJ n t yEn v ir 0 n r.l e n t a l 
Prot ection C o~~ ission). A s ynop tic survey o f t he wa te rs of 
th e Ta mp a J 2 Y r eg ion Vi a s con du c te d by th e Ta in pa Da y R. e ~ ion a l 
Plannin ~ Council a n d U.S.F. on Octo ber I f , 1 0 71 , wit h the 
help of one hundred vo lunt ee r boaters fro~ the aren. 
Ch enica1 2nalyses of t he co ll e cted data were performed by 
the f,la rin e Science Labor iJ tory o f U.S.F •• 
Inforna tion co ncernin z; pho sD t-; ate as tot 2. 1 ph0 5Dhorus 
re ported by the various sources was in very close ag reement. 
Information concerning nitro;:;e n as total !'J \'J a s not ina 
cOI:lpa ra b 1 e condition. ! ~ os t sources of data reported 
nitrates, n itrites an d ammonia ~ i t h out r eportin ; t he organic 
nit ro ge n • It was also apparent that considera b le variation 
in a nalysis techniques ex iste d in the tot a l nitrogen 
determin a tion . 
It must be stated tha t only total phosDhorous an d total 
n itroge n are considered in t h i s s tu dy . It is un de rst ood that 
th e niiro ~ ~n a nd ph o s pho ru s e;~ist in seve r a l fcrms wh ic h 
cycl e \Jit ;~ c1 imatic co"! d itions , b iol o.::; ic a1 a ctivi ty an d t he 
se asons . ~ o r c~anple, n itr ~tcs an d nitrit es are us ed by 
p h :; t op 1 a il l~ ~ -,) n , but upon de cJ t ; ; 0 f t he p 1 an t s , ret u rn as 
a r;1!,10n i a • 1:-1 the e 1er.lcnta l fa r ;-,'] , ;)ho s phoru s a nd ni~ro 2: en are 
cons e rv a t Iv:: ; t ha t i s , t he y do no t de ca y . Th is nea ns th a t 
t he PO l! IlCS o f nut ri e nt s 
t o t .:: l nur~"e r of [Jou n " s of t ile::;c SU ~ ,\ ::tuncc:, i n~r o~:~cf.?d i n t o 
t he Ja y , j': i nus t he nu nhe r of poun d s be in ,:: f l us il (:d out o f t he 
[)ay 2nci ~r. e n Ur.lbe r of pounds l ost to t h ,' a tLlos; ;; e r e . 
I n 1 ':) 7 2 th e I'la te r qua li t y mo ·Je l dev e l ope d b y t he 
Stru c tures , ~ a terials a n d Fl u i ds De pa rtment at ~ . S .F. wa ~ 
ru n usi n ,; information ava il a b l e at t ho t ti me c onc e rn in r; t he 
sourc e s of nhos p horus a n d nitro ze n in Ta mpa Ca y . Fi g ure 17 
~ h o l'i s the l ocations o f t he s e s ou r ces . 
In ~ c n c ra l, t here a r e t h r ee cl ass ific~ ti on s o f nu t ri en t 
sourc e s: rivers, in d ustries an d s e VJag e tre a t r,lent plants. Th e 
river contributions at that time, in poun d s per day, are 
e sti mat ed in Tabl e 1. In dustri a l sources are s hO\ ,rn in Ta b l e 
r) 
L • Disc ha r zc load s in pou nds pe r day were e s t i ma t ed fro~ 
existin g pu b l ications and permit information. 
r,j utrie n ts d isc harg ed fro n SCI.'u g e tre a t r:lent p l a nt s we r e 
t-:!st imate J f r om kn o\!n d isch L! r [. (; rat e s fo r t he r 'spectiv e 
treatment n lants. Phos phorus and nitrog en qU 2ntities I'Je r e 
de riv ed :: y us e of the foll ol./ in ;:, crit e ri a . ?o p ul at i on 
e quiv a l en t s were de te r mine d by us i n: 1 25 ga ll c ns of s ewa g e 
~; e n e r a t e j ;; e r pe r son pe r day a san.) -:: j on a 1 a v e t-a ,~: e . 0 n c e t il C 
popu l a ti o n c::q uiv a l ents ;/2 r e kil ol':n , Dhos;1ho r us a',e; n it t' o ; e:l 
po un d s !)c r GClY d i scha r .::;ed \'.'e r e o :~\ t a i ne d by u s i n ~ st anda r d s 
esta Dl i SI1CG ;) y t he i=cde r .J l t: n v i r OIl I:lcnt() l Pr otc c ::io n F, .;cnc ~1 
fo r t he lev e l oft r ea t 1'1e n t ~ i v ~ n l:: ~I e a c h p 1 2 n t :  2 J ). T his 
[J r oce d ur c ~ ro bab l y r C: 5~ l t5 i n s l i [; i1 t l y 1'1 1::',,",c r es:i!na tc5 o f 
i-'--'-- .-.-- ~ 
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nutrient ., I \: I sClla r :;e t ha n v/Ou 1 d .::: en~ r a 11 y be il1e2S " r c d . Th e 
results or ~he comp il a tion for 1 0 i' 2 s (; ';/a.::;c tre a ~i'1"'nt plclnts 
are shown i n Ta b le 3. 
T ile t o L :!] load in Gs of th e nutrie n~s P an e ;'~ into T<:l fnpu 
GClY durin .; IJG3 an d l S7 2 are s U[,l t"ILl riz c (; in Ta b l e!;. . 
A co;~~p i 1 at i on o f o b sc rve d conc e;"lt rCl t ion s o f e 1 emen t a 1 
nhosphorus ov e r s evera l years fro m s eve ral dat a s o urce s is 
sho\"Jn in Fig; u re 1 " v • I t \'/ I 1 1 be not c::d t iliJt , in ee il e ral, t he 
pilOSP llO ru s levels in t: 'le Jay a ~pea r to re f lect t he 
phosphorus loads discharg ed to HillsborouGh Bay. Figure 19 
shows the reduction of phosphorus in the Alafia River over 
several years time. As the p il os piia te companies on t he Alafia 
decreas ed t i:eir loadin g s, hO\'lever, a compa n y at t he mouth of 
the Alafia increased its discharge of phosphate waste. 
The phosphorus d istribution in Tar.lpu Jay durinb th e 
Jcto b(! r ~ -, , , _ v , 197 1 s ynopt ic surve y is s ho\!n in ~ i ~ ur e 2 U. 
Unfortunately, thou~h measurements of nitrate, nitrite and 
ammonia ~'!ere taken at that time, none were ta k en of tot2l 
nit ro ge n • 
ta k en by t he :~ills bo r oL! ;; h CO :"lil t ;.: E nviron r.1 en ~<:l Pr ot e c t i on 
COJ'll: ,lission C:: CEPC) durin [,; a s pec i '] l stu dy in i i<:lrc it and April 
o f 1 ~ 7 2 . = i GU n~ 'I ' ) s hO\ ;s t he d istri but io n o r av c ra ;; e 
[JhospilO ru5 in 1 .}/ ::: fr o :-:l mont: l l~' surve y s c o n cl uc ~ ~d b y t he 
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toti'll N neasurements taJ~en by the Il.S.G.S. rlurinf'; 1'1 72 are 
~iven in Fi gu rc 25 . 
Nutrient levels for 1~72, cxpressed as total nitro~p.n 
ann total phosphorus, wcre sir'lulaterl usine the rl yna..,ic water 
qual ity nodel developed at {.I . s.r .• Input rlatFl use'i ~or lC)7~ 
in the ~odel were those exprcssed in Tables 1, '2 an rl 3. The 
Tampa Bay ~odel was initializerl in a clean conrlition, then 
nhosphorus and nitrogen loads \-/e re introduced in the proper 
amounts an d locati ons. Tr E: Illo del \,/as opera t erl until sti'lhle 
', ' 
conrlltions developed . he r e s u 1 t s are s h ()\ -m i n F I ~ II res ~ G 
anrl 27 (16), It will he noted that a~reenent is ge nerally 
~ oorl between Fi gure 26 an d Fi~ur0s 1~, 2~, 21, ryry an~ 2~ for 
phosp horus, and het\veen Fi<:lIre 27 anrl I=ip;ures 2 i ~ ani 25 for 
tota 1 nit rogen . 
It ~ust be recalled that the pollution sources used in 
the water quality model at that tine were, in sn,.,e cases, 
rather crude estimates. Since the tJ .S.F. water q ual it y no~el 
is an atte~p t to si~ulate th0 actual tranS!10rt n~~n0nen? 
present in a bay 0r estuar~l, the nnly r'H~thnc1 C'lv;:>il~~le for 
Clchievin;; ciJl ibration for con seP1utiv c s ~ jb st: ancc s is the 
scttin:: of :he exchange rCltio I.,lith Gulf \'Iat e r ilt t~e rrlo1lti; 
of t~ c ::' a~/. Ot henJise, the only \,/ay tn nbtain an 'l b serverl 
Figure 23 . 
l:OT ... '.L Pl-iO S? :1 01~'5 A5 P (:-:-.L : l ) 
1972 rSGS Y::"-'-..?J..Y A\,t: T-~\G:: 
~--~~~-------------------------------------------------~ 
"' 
ST. e ~ . 3 
• . 6 
• :.2 
• 
~. OV U. 
J I I I 
i ~ 
I ! 
. . 
, 
" , . 
I ..J 
, ) 
, I 
I ; 
; g 
; :! 
I . ' 
:G 
I " 
~ ~ 
.. 
, .. 
FIGURE - ~ . TOTAL NITROGEN AS N 
HILLSBOROUGH H;V! ~ONMENTAL PROTECTION COMMISSION 
July. 1912 . 
. 
I ~ 
I ! 
. ~ 
• 
FIGURE 26. 
-rAMPA BAY 
J<P9rh::/Y.~TIC?'9L NC,CE/ 
Unl~~:'I~v ",( ~ .... th fIOQ4c:. 
; .1l.1'. De;..r-trwem 
TFif1'fI 
TOTAL PHOSPHORUS 
D1SrRIBUTIO~ 
EQUILIBRIUM DISTRIBUTION PHOSPHOROUS 
TAMPA BAY 
/,~Th'£H-'9r..TC1'fL H::Jv:L 
l; 1'J' ~~ltlf 0 1 ~t"I fl~l. 
$ 'I.". Drwr'~1"! 
1FWfl 
FIGURE 27 . EQU1LIORIUM DlSTRlSUT10N NITROGEN 
concentrati o l dist ri bution is: first , to have a lrea clv 
obta in e c1 a n -ccurLlU~ hyd r 2 ul ic r e present t'lt i o n of t he bay ( by 
cor r ect ~ i :::ce:',lc nt of st r ea i'ls , i n t:l:li ~es , out fa l1 5 , c au s eWiJys , 
h ri d ~ e open i ~~ s , spo il i s l and s, c hann e l s , etc . ) an ~ , secon d , 
to locat e 2nd ac cura tely esti ma t e the poll ut a nt loa d in ~ s 
frolil both po int and nonpoint s ources int o t he 0' ~ ' I a, • 
It is intere stin g to not e Fi g ures 2U, 2 U, 30 and 31, 
\'Jlli ch illus:rate the bu il dup of phos r-h orus i n Ta n jJ 2 Bay with 
time. T;iey demonst r ate t he effect of po ll ut io n so u rces in 
Hi 11 sborou ~ i: Gay on the distributions o f nutrients 
throughout the Tampa Bay System. 
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In 1 9 7 ~ and 1~ 7j the S tructures, r'lateri <3 l s a ~d Fluids 
De partment of the Un iversity of So ut h Florida providei th e 
ma thema tic a l mo del i n g n e c e 5 s a r y for the \ J at e r Qua 1 i t y 
t'lanagel:lcnt Study by t he TaMpa Bay ~e e ional Plannin ~ Council. 
The stu dy \'.'2S financially aided throu o,; h a fe de ral ;:; rant fro!:1 
t he Environ r.1ental P ro tectio n ('Gen c y' , Office of ~!ater 
Qual ity, under Section 3(c) of t h e Federal \'!ater Pollution 
Control Act (P.L. 84- 65U ). 
During this stu rly , T BR PC produce d a det ai l e d inventory 
of all the point source dischar ge rs in the Tanpa Bay region, 
ba sed on me asurements a n d permit informati o n . 
This new point so u rce informati on, 1 iste rl in Tampa Bay 
Reg ional Planning Coullcil's report, IIlnteri m ~ ';aste \'later 
T reCJt ment Plan Thro us h 1 ~~ ~) ," ( 21 ) Vias us ed as i n put dat a 
for the U.S.F. water qu a l ity mo de l to simulate the condition 
of the Bay during 1973. The nutrient loa d in g s use d for that 
computer run are 1 istcd in Ta iJ l es :; throu ,; 1i 8 . The resultin G 
;lut rie nt dist ributions Ll r e S l lO\,ln in Fizu r es 3L an G 53 (lU. 
The yeo; r 1 ':/ a v e r cJ ~~ e p h 0 5 p ;'10 r u s d is t ri b ut i 0 n r.t e a 5 U r e d by 
:: :iC il ill sco rou,;h Cou n t ;/ t: nv ironncntC'l l r:-' r otccti on COfrlr1 i ss io n 
i n Tan p .) :; ~ y d uri n ;~ 1. 'J -I ::; , 5 h 0\ .':l i n F i ;.; u r c :; :" i s not v e r y 
d i f fe r ent Tro :~1 th 21t mea~;u r cd i n L: 7~ . fl ot e , ho, .. lev~ r, t !lat 
the calcul ::; te d d istri but i on of I) , i n Fi ,n; u r e 3 ~ , S e :: r.:S to b e 
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previous co~~u ter run. 
Til e t o : a 1 I~j e 10 <1 11 1 nitro "" cn values me aSL!r eJ by t he 
d CEPe in l ~ 73 and l ate r yc()rs are si g nific an tly 10\ je r t ha n 
either their min values for July l CJ7 2 or any me ()s J r e ::i by t he 
U. S . Geo1o .; ica1 Su rve y t he n or sin ce . Thes e discrepancies 
d re Llppa r en t1y due to a differenc e in Lln d 1ysis t ":;::;i niques, 
a s \ Ie 1 1 
() t all. 
a s the in llerent d ifficu ltie s in measu rir:; nitroGen 
It v!as judGed t hat t :l e U.S.G. S . v(}l iJf! S an d t he 
e arl ier l-i Ci:?C values of Tl~ U \"/ere pro ba bly closest to th e 
actual total nitro r, en in the Bay. 
Later in 1973, ne\ .' esti ;natcs for the non po i nt source 
10a J in e s be came available fro n the use of a waters ~ e d mo~el 
develope d in the Stll"ucturcs, l iaterials and Flui d s Departr.1ent 
at U.S.F. ( 2 2). T his filO cJ c 1 pre d icte d the yearl y avera g e 
runo f f quan tity an d qu a lity fro :-, all 
discharging into Tampa Say, based on the yearly rainfall 
records an e the kno\'iJl lan d uses v,' ithin t:1e l'Jaters il ed s. These 
ne~ (an d ~resumably ~ore accura te) natural sourc e loa d in g s 
(1 ist ed i n Table 9 ) ~ere u sed as in put to t he Ta mpa 8ay 
I.'a t cr Cj ua l i t y r.lode l. The i njus t ri ~ l and sC~2 ~ e treatMent 
Dl .Jn t l OoJ i ;;;:; s \ie r e a l r:l(is t t he s al 'w as be for e . See laLJ 1 c~ 1 2 . 
The res u 1 L in~; t 0 l u 1 d i st ri but io fls are s ho\! n i n 
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hydrolo~ ic ~ ~its, A correlAtion WRS mArl~ h~tween t h ~se hasins 
And those delineated previously by Copelanrl (2~) for TRmp~ 
~~y Re e ional Planning Council, AS sh0wn in t h ~ir r~p0rt, 
""/ater nual i t y fvlanagel"1ent Plan for the TarrJPn [J ay Rasin ll (13). 
See Fi~ur~ L4. The flowrates listed for th e y~ar 1972 in that 
report were taken to he the pr~sent avera ~ e nonooint source 
flowr~to.s. 
Fi~ures 45 And 46 sho\'! the resultin !; p,",os phr)rlls and 
nitrogen rl istributions in Tampa Ray usin g t hese datn 
concerning the present point and nonpoint pollution sourc~s. 
The water quality model was initialized at th~ concentration 
distributions of total phosphortls and total nitrnp.;~n 
calculated previously for 1973, and was run usin~ the 
hydraul ics of a typical semi-diurnal tide for t"e Ray until 
the distributions came to equilibrium; that is, the 
d istributions reached a point after which tho.y no lon ~er 
chan~ed appreciably from one tidal cycle to another. 
The r"'leasured phosphorus distriblJtion in Tanpa Ray did 
not change much during the years 1fJ72 throup;h 1974. 1 (175 
(27), 
in the 
however (shown in Fi ~ ure 47) showed a mar k e~ decrease 
oho sphorus in the Bay, an d in 1 ~7 ~ (? ? ) that tre nd 
continued (a s seen in Fi~ure 48 ). 
The :.; raph in Fi ~ure 4fJ illllstr at ~s tl-) i s d ral11atic 
decrease i n t he phosphorus levels i n t h~ Bav. A cO~Darlson of 
t he point source loadin gs reporte d h y TRR PC in 117 3 (2 1 ) with 
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those re ported for 1q76 (2 3 ) r e venl s t he c ause of thi s 
decrease. It was just hefore the de crease he ~an that the 
Florirla 1)e~a rt me nt of Environmental Rep;LJlation s ta rte rl to 
place severe restrictions on the al1101lnts of p~osr>hate 
rlischar~ed ~y the phosphate industries alon~ the ~ 1 2f ia ~ivpr 
and at th e mouth of the Alafia River in Hil15~orou~h ~ay . 
Since r>hosphorus is an essentiQlly conservative s uhstance, 
and the flushing time of fiillshorou ~ h Ray is very long rlue to 
low v.Jater velocities and poor circulation, it is tar~ in g 
several years for the full effects of the cuthac~ in loarlln~ 
rates to ~e felt. In Figure 45 is shown the p'1osphorlls 
rlistribution which can be eXpecte:i fror'l th.e prese'1t sources 
whe n the remaining excesses in the water have f lushe d out 
into the Gulf of Mexico and the Bay has reach ed ea u il ibriu~. 
Some improvement in nltro ~en levels in Ta~pa Ray has 
a lso ta ken nl uce rlue to state li ", itations o lacp rl on nl t r o~~ n 
rlischarees. Compare Figures 50, 51 anrl 52, whic h show the 
total Kjel dahl nitrogen I11easured by the Hillsborough rounty 
Environ",ental Protection Commission from lQ74 th.rou~h 1075. 
Yowever, nS stated nre viously, nitrogen meaS IJre",ents are very 
rl ifficult to ",ake (as witness the rli fference he t ween ~ r~Dc 
va 1 ues an n those ta ken ~y the U. s. Ge f") lo s; i Cn 1 Su rve y , in 
Fi~u re 53), anrl usually the measured TKN can he c onsirle re d to 
he somewhat l ess than the total nitro ~en . 
Th e ~araneter simulated hy the norl~l is total ni tr o~en , 
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nn rl is assumeci to he a conservative Stl !:>stFl nc p • ~!0 'JeVer, C'l 
certain portion of the nitror,en m~y he present in forms th~t 
rlre inaccessihle to fip-ln rleC'lS lJ r p i11ent (SlIC ,", as hp.nthic 
nepos its), and SOi11e as yet unm~aslJn~rl Qua nt i ties nf N i11C'ly he 
~scapin~ to the atmosphere in the form o~ F,C'l S. ~ ut, in s p it e 
of these d iscrepancies between rleasnrpri an~ cf'llctllF1 terl 
nitrogen, it WrlS felt that thp. vp.ry conserv"'tlv~ estlmat D 
oroduced by the Monel would he of ~reFlt v~l u~ in lookin ~ at 
the totC'll N present In any forn througho ut the ~ater column 
of the Bay. 
A nUi11ber of other nutrient lOndln g conriltions were also 
simulated for Tampa Ray, incluciln~ projections for 197R, lQS5 
an d the year 2000. Lists of the point an d non~oint sources 
used for t~ose simulations are Inclu de ci In Ta~les 17 throu gh 
24. The total nutrient lOC'ldings for each of these conriitions 
are g iven in Tahle 25. 1\11 point so u rce loar:lin n; projections 
were supplied by the Tampa Ray Re g ional Plannin~ ~ouncil, anri 
all nonpoint source loadin~ projections were supplier! ~y 
Environi11ental Science and En g ineerin~, Inc. (24), Th e 
resultin g total !")hosphortlS Flnri to ta l n i tro,,:en con cp. ntr rlt ion 
:i i s trihutinn s C'lre sho\'1n in Fin;: Jrp.s 55 thro :IP;" fi e; nn~ fi7 
th rou gh 77 , respectively. 
D' SCU SS I r)~~ OF RC::S' JL TS 
The bas ic plan for point source ri ischarn;er s i n th e TarlpFl 
~ r'ly reg ion, a s formulated in the 1I 1,vate r Oua l i ty "ana~ernent 
Plan for the Tampa 'iay P,;:} sin ll (13), c('lll s for the 
r eg ion('ll ization of donestic seW('l~e treatment plants and the 
retention '?nd reuse of much of the \\Iast~ I-','atn r from 
industrial r! ischar .r;ers. Aln~arly, since l q 7!~ , the inrlustries 
h('l ve cut back considerahly on the nlltrie nt lOCl d in gs 
discharged to Tampa Bay. By the end of 19n~ , the new Tampa 
advanced ','!a ste treatment plnnt should be discharp;ing its 
up ,';raded effluent and the new River 'la !~S !\\'JT plrlnt shoulci he 
treatin e the sewage that vias formerly run throtl~h severLl l 
sm2l1 franchised package plnnts. By 19 85 all the re a.; ionC11 
nlants are expected to be operational, with some d is oosin~ of 
thr::ir effl uent either by lanci s p ren rl in ~ or dePD well 
injection, and with all others rlischargin~ advancer! waste 
treated effluent to the Tampa Ray System. nurin g the time 
span fro~ 1985 to 2000, most of these nlnnts nre expected to 
expa nci the ir t reatme nt capacity in order to se r vice the needs 
of p roject e d no~ulation incr eases . 
F 01 1 o':! i n.r; i s a r! c s r: r i r) t ion () f ,, 1 1 t h P. n:J t r i e n t :-l i s c h ('l r n; e 
con d itions s i r:lulaten r1: lrin ~ t h i :, ".1 :; stu rl y. The .!:irst four 
c0n rl iti ons 1 isted nre those r: C1 l1 ~ ~ fo r by t he p12 ~ fo r the 
T ;:HiP C1 '~ ;: y r c~ ion. The O1:he r COMpu t e r runs li st0.~1 ','!e re c hosen 
to nns','Jer ?l series of q1J~stions re;r;Clrclina; the c/)nse qu e nc es of 
neviations from the basic re~ional plCln. 
(2) All present (1 1 7G) loa d in~s, 
includ in g 4 6 sewa ge plants with Tanpa 
d isc ha r ~ ing 41 m~d of pri ma r y eff luent 
( ~ , :.. ) All projected l q7G loariin ,,:s , 
inclu di ng 41 sewage plants with Tamp~ 
discharging 45 f11~d of AloJT effluent 
(3) All projected 19 R5 loadin~s, 
includ ing 4 sewa ge plants d ischClr ~ in ~ 
AI'IT (P = 1 m~/1 and r,l = 3 f'l1~/1) effluent 
\",i th Tampa Clt its fllll capac i ty of of) 
mgd 
( 1+ ) All year loarlin ~ s, 
including 4 sewa~e plants dischar~ing 
A HT e f flu e n t \,ll t h Tam p a a tit s f u 1 1 
capacity of 100 mgd 
(5) All projected 1~~5 loadin F,s , 
inclu ~ in g 3 sewa ge plants d isch Cl r ~ in ~ 
AWT effluent with TClm na ~t its full 
cClpaci:.:y of fi O r.1-;d ann "lith thp. !"ive r 
O;;ks :) lant purnpinp; its Se\'lClr;e to TampCl 
( J ) r'\ 1 1 year 2'1()'l loarlin n; s, 
inc1udin~ 3 sewa~e plants discharg;in~ 
A!'JT effluent \.Ji th Tarnf)a at its fu 11 
capacity of Inn r.ln;d anrl vJi t h the n' ., I ver 
Onks ~lant pumping its sewa e e to Tamf)a 
(7) All year 1 oarl i n.n;s, 
inc1urlin~ 11 sewage plants discharRin~ 
AWT effluent with Tampa at its full 
capacity of 100 m~d 
( 8 ) All year 20r)O l()adin ~ s, 
includin~ 4 sewage plants discharginr, 
seconda ry (P = 6 m~/l and il = 2 0 mf;/l) 
effluent with Tampa at its full capacity 
of 100 mgd 
( 9 ) All year 200Q loadin~s, 
including 11 sewage plants discharging 
secondary (P = 6 mgt1 and N = 20 mgt1) 
effluent with Tampa at its full capacity 
of l OG n~d 
( 10 ) All year 2 () !l1 loanin gs , 
inclu d in ~ 4 sewa ge plants d ischClrgin ~ 
!\,l.JT ~ff luent except Tamna, ,,,hich is rlt 
its f 'J ll capaci t y of I 'l l') rnr;rl an"" is 
r! i s c h a r ':: i n r; Cl h r r-; h q 11 i'l 1 i t y s ~ c on d <-l r ~I (P 
= S "'1r; !1 and r~ = J. () r1?;/l) eff lLJr'!nt 
( 11) Year 2r)0() nonr)()int s o urce 
loa d in ;: s only 
(~2) Year 2:l 00 non rm int s Otl rce 
loa d in ~ s only, re d ucer! hy 3 n percent 
Ta b le 16 p resents a corr r. lation hAt wee'l t he var i ous 
computer simulation runs made d urine the 2n 8 stur!y, the 
tables 1 istinr, their respective point ann nonpoi nt sou rces, 
i'lnd th e Fi g ures their res tllt<lnt '? q lJili b ritl f"l 
rl istributions of total [1hos pho rrJS a n r1 nitror.;en 
concentrations. \·Jritten on each Fi:~ure is the tot a l nunber e>f 
r.li 11 ion pounds of P or N that is present in Ta r.D a gcl Y ,,,hen 
th e sinulation of that pa r t icular loar! in s con ri i ti o n re a ch es 
equil ibrium (the number of pounds of a pollutant enteri n g the 
Ba y duri n~ a tidal cycle is e~ual to the nunher of pounrls 
leavin g d:Jrin g a ti dal cycle). tlote that the re s ~ l t s of the 
19 7 fi simul a tion arr' i1rr~sente d here (Fi r; ures 5 1; an rl nf) ) as 
':J0. 11 C'l S h the l ast sectirm , to 'lirl in tho cO~ :") 2 ris (m \·! ith 
o th e r pollution lo ,-r\ in~ conriition s . r'iote <l l so t ~a t a ll th e 
r)!losphor u s concentr r'ltion d istrih u tions are s hol 'm first, 
follo~e~ ~ y a ll the n i tro ~en r! istr i hut ion s . .\:;~ i n , the 
:>urpo5C n r e s ent i n.::, F i ": ~ ln~ s t'li s is to rqake 
TA RLE I n 
I ;w ~x OF I ~! PUT nfnA ,\ND ~ 1 ()n~L ~ESUL TS 
Loa d in ~ Con d ition 
1 • 1976 load in gs 
~ . 197 8 load in ~ s 
3. 1985 loadings ",rj t h t} 
sewage ::>l ants, all A~JT 
!f • 21)0 0 load ings \'lith 4 
sewage olants, a 1 1 A\H 
j • 19 35 load in gs I'li th 3 
sewage ;:> lants, a 11 AI'!T 
6 . 2000 loadings ,·"i th :1 
seVJa ge olants, a 11 AtH 
7 • 200 0 load in gs \'l ith 11 
se l-'Jage ;l lants, a 1 1 I\HT 
8 . 2000 loadings wi th 4 
sewa ge plants, a 11 Sec. 
9 . 200 0 load in gs ''I i t h 11 
se''Ia ~ e "J 1ants, a 11 S~c. 
1 0 . 20 0 0 lo ad in gs vii t h I· r 
se \·,a ~ e ") lants, n 11 1\1-./T 
except 7-'lf11pa at hin;h Sec. 
11. 200 0 nO:1jJoint sou rce 
loa d in ss only 
12 . 20n o no n7Joint sou rce 
loadin s:s on ly, r e duced 
by 3J -; 
Tahles 
ST P In ri ~ In t 
13 11~ 15 
17 1 8 IS 
1~ 2'.1 15 
21. 20 21 
19 2'1 15 
22 2r) 21 
2~ 21) ~l 
23 20 21 
23 ~n ')"1 .• J. 
7. Lf 2rJ :n 
21 
:- i ~ tlres 
p ., 
51f nG 
55 67 
56 68 
57 69 
5 8 7:' 
59 7l 
60 77. 
61 73 
62 7 1J. 
5'1 75 
51t 7 (:. 
f) 5 77 
TABLE 17 
NUT R IE :!TS D ISC HARGE[) ~'( SE .JAGf: T !1 ~r\rr '~E!\l T PU\d T C: 
Treatment Pla nt 
Ft. DeSoto i;/, "T 
l\lhert "Ih i t ted 
St. Petersbur~ N. E. 
Ho1 iday Ha r bor TC 
~'1 i d\'!a y Service 
Belcher Road E1em. 
Southeate TP 
Tropic Hi 1 1 SD 
C 1 ea nola te r East 
;'\eroson i cs 
!3ou1evard TP 
Safety Har~or 
Double Branch Ranch 
Ri ver Oaks 
Hil1sborou p;h TP 
Honey\,!ell . .q 
,~ . 
. 'elj or Lear;u e 30\"/ 1 in n: 
St eJn dard S3 les 
Stea k ~~ Ale 
~ICl t i on ~ 1 GYP sllm 
JuanitCl Apts . 
TAt1PA BAY, 197 8 
(Po!.mds Per [)C1 y ) 
. 1l3 3 
13 • 1~ 
n ,., 
v . _ 
. r')'1~r 
• 1 r: 
.00 8 
.0 10 
· rns 
h.2 
.flOS 
• ') 3 
.33 
• 0 81~ 
l~ • '5 7 
. 013 
. i)~r, 
. ~r"):; 
• rHl ~ 
• 'HI" 
'1 n? /-• __ r 
. ')')")) 
p 
~ 
on. 
l~ 1 r) 
n • 5 
7 
0.4 
0 . <1 
n • F; 
21n 
0 .3 
1 
17 
0.2 
3 ~ 
1 .7 
1 
( ') . 1 
( f) • 1 
< f) • 1 
n . 1 
n • ~ 
I) 
2,23 5 
1, V) ~ 
" L 
25 
1 
3 
"'i 
70l 
0..8 
5 
55 
n.7 
117 
') 
!~ 
'),1 
') . 1 
0 .1 
n • It 
1 
. 0 
TA~ L E 17 (~ont i nue d) 
:--JUT ~ I EiHS n I SCI-IARGEn BY SEHAGE TRr:::l\n~ E:' !T PU\'JTS 
TAMPA BA Y, 1~ 7 8 
( Poun ds Pp.r [)ny) 
Tre a t ment Plan t P 
TampLl Ya c ht Cl ub . n05 n. 3 
Tampa l ~ 5 • :') 375 
Adamo Acres • ') '1 S 
c.:a st Lake Park . 2 q IIi 
1'1 i 11 i ams U. S . 30 1 . 0 n L~ o . 2 
HA zard HH P . O()~ f) • 2 
TF. eQ- Ga nnon . ()fJ3 0 . 2 
Prog ress Vi l l age . 25 Pi 
Ga rd i ni e r, Inc . • I) 06 0.3 
;,Jj s ta l TP • r) (1/ ~ n . 2 
TVli n Oaks Plaza . f')() 5 < () • 1 
A1afia MH P . r)0 55 n.3 
Eastwood Est. MHP . 007 0 . 4 
TE CO- [3 i g Be nd .r.rl3 0 . 1 
I\po 110 Reach - ~ " • .1 1. 'J 1~ 
P,ah i a Beac h . f'10J. <: r) • 1 
Coffee CuP Re s ta u r a nt . 00 ), <r) . 1 
COClch Hause '·:HP . i) '1:> 2 
Palnetto r; " • .1 •• 3 1~ 
Leisure Lakes . '1J S ,... ') : • " I 
77 . ':': 1 , ~ 2 l~ 
N 
0 . 8 
1 , 12G 
15 
r~ 7 
0 .7 
'1 . 5 
n.s 
42 
1 
f).7 
() • 1 
1 
1 
0 . 5 
53 
')' ? 
0 . 2 
r, 
11 3 
) 
TAB LE 1~ 
NUTRIENTS DISCH ARGEf) 8Y I NDI IS TRI F.:S , T/U,1P./\ BJ\ Y, 197f: 
(P() IInOS P p. r nay ) 
I nd ustr y P 
Gu lf Gold .1 i) 
Tampa Munici pal Incinerator 3 • l~ 0 
Ka i se r A~ ricultural . f)4 ') 
t·n tram Chemical .4lf [) 
GCl rrlinicr #3 • I~ I ~ 3 • I~ 
Gardinier -=" ""L.. 12. R 7l~ 7 • 7, 
GCl r d inier #4 .37 :, • 1 
Gard inier #1 2 '1 . 2 421.1 
R'J rden, Inc. N. . 16 3 .2 
8o r den , Inc. s. . 173 3.5 
3 r. .l 1,2 22 
30 . 1.4 
r~ 5 • 
27 
23n 
q7.7 
lfl3 . n 
51. 5 
163 . 4 
1.3 
2.1 
752 
TAB LE It:) 
NllT R' H!TS n I SCHARGED BY AI'1T S E\'J.t\GE T RE t,n~nH Pl :\ ITS 
TAr 1PA n,A Y, F )ii 5 
CPo l lnd s Pe r n 2 ~1 ) 
Treatment Plant MGO P 
Tan pa 5 n'l 
Sun City 25 
Palmetto 1 7. 
Subtotal 5 :'> 7 
River Oak s 1t. 6 7 "i 0 
- . ' 
IO TAl 69 .1 57 G 
~ ! 
J.,5 01 
75 
3 5 
1, fi 11 
11 7 
1,7 22 
TAB LE ~ 'l 
iJ! J T r. l EN T SOl S C H A R G E 0 R Y I r!D US T R I E S, H\ r 1 P A '3 f\ Y, 1 fj R :; :! 2 00 0 
CPo! Jnds Per f"\n y ) 
In du stry p 
Ka i se r A.z-; ri cu ltural • () I~ n 7. 7 
'Jit ram Cherod ca 1 • LJ. It 1 ~Vl 
Internation al ~ ~ . i ;I n. • 7 S I_~ 7 
Ga rdinier 33.n 2')1 2G 7 
Ro rden, Inc . n. .Hi ~ ? ..., . '. 1 .. __ • J 
Rroden, Inc. e:: .17 3 3 . 5 2.1 ~ . 
534 
TA f3 LE 21 
~HJTr.1 E~nS D\ SCHARGEfl ~ y !'!ATtJRJ\L SOlIRr.F.S , 
(Pounds Pp.r nay) 
r~o n po i n t SO 'J rce 
Tierra Verde • 5 
st. Petersbur .~ S • ':1 • 1. 35 
St. Pete rs bu r .C; S. . 5 7 
Little Bayou . G7 
p. • 
.J ,g Bayou 1.5 
~ooker t! Salt Creeks P..7 
.~lbert Hh itted 1.4 
r:offeepot Bayou 1.9 
Placito BiJ You 3 . 9 
Grand Bayou 1S.il 
Howard Frankl and H. 1.4 
St. Petersburg Air[1ort In.') 
Cross Bayou Canal N. 7 .5 
Long Branch 3.3 
/\11en Creek 6 .1 
r:learwater ~ l.~ 
- . 
./\ 11 i p;a tor Creek 9.1 
:'lu l1ct r:rec k 1.5 
Gishop Cree k 2 . 5 
r)oub le 3 r a nC ~ 1 Creek 1 3 . ;1 
Rocky Cree k 42.3 
T ""D . . , 
r 
24 42 
H i 27 
G II) 
11 1~ 
21 33 
95 163 
2') 43 
3l 49 
?-
_J 31i 
I f: 
.' 29 
J. 3 
1', 19 
9 17 
4 7 
('l 15 , J 
? l~ 
11 ~n 
'J 3 .. 
3 6 
7 14 
- " ) , , 71 
TAGLE 21 ( Cont i nued) 
tl UTR I EtHS [) I SCH AR GED BY 1JATlHV\ L SOURCES , T,.\fl Pt\ r>,/I,Y, _ 'Jr){) 
(Pounds Per na y ) 
Honpoint Sou r cp. p 
S\'Je e t Vfa t e r ~ . , 2~ . 3) 30 54 , . 
Swep.twat e r E. !J .77 J. f) 1:; 
Interbay \-I . 0 . 3 91 1 75 
Int e rbay E. 1n . 7 1 R ~ 3 2') 
Tampa 6 . 9 5J. 92 
Seddon Chan nel 17.7 137 270 
Ybo r Ci t y 3 . 0 12 12 (') 
Pa lm River 40 . 6 5 " " 109 
[)e la ne y Cre e k 33. 5 11 4 2:') 9 
Al af i a Ri ve r 3 33 . 6 1 , 354 3 , 12 7 
Bullfrog Creek 25 . 4 2f, 7 574 
1Jcwman Br anc h 1!~ . 35 7 R 1G9 
~ ,' I o 1 f Br a nc h 14 . 35 7 '?: 1 59 
Li t tle ~' 1 a na te e River 1 G2 . n l~ 2 0 971 
Cock roac h Bay 5 • :=i') 31, 91 
Pi ney Po i nt Cr e e k 5.33 ~1 ) " 91 
o, i shop HEJ r bo r 3 . :» 3~ 91 
e ro ?; Cr eek :3 '; • l ~ 21 g l~ 77 
::> , 5 S!; 7 ,7 CJO 
TA RLE ~: 
NU TR I ErlT S [) I SCHARGED BY AHT SEHAGF. TRL\n1Etn PL ,\ !:T C:; 
T M~ P A B /1. Y, 2 () f) 
(Po unds Pe r Day ) 
Tr e atMe nt Pl ant MG r1 P 
Tar.tp <l 1 00 . 0 
Sun City 7. 0 5 [1 
Pa 1 metto 1. 4 1 2 
Su btotal 1 08 . 4 
River Oak s 12. 0 Inn 
Subtotal 12 0 . 4 1, f)()1~ 
St. Peters bure S • toJ. 15 . fJ 1 25 
.Albert \'J h i tted 1 9 . 3 161 
St. Petersburg N. E. 16 . 0 13 3 
Largo 9. ') 7 5 
Clearwa t e r E. 5 • () If :> 
Clearwat e r ' I t: . \ . - . l?f'l Inn 
Ol~ s l'1a r 4.:' 7'" . ) , ' 
2:)1. 2 1 , n 7 ~ 
2 , 5 f12 
175 
3 5 
2 ,71 2 
;;nl) 
3, 012 
375 
4 83 
4 00 
225 
1?5 
3 f'1r') 
113 
TABLE 2:1 
NUTRIENTS DISCHARGED BY SECO ~ nARY SEWA G ~ 
TREATrH::NT PLA NTS, Tt-,~ '1 P,'\ RL\ Y, ~on 1 
(Pounds Per ("lay) 
Treatment Plant P 
Tampa lnn.') 5,O()'-~ 
Sun City 7.n )!;f) 
Palmetto 1.4 70 
River Oaks 12.0 50,., 
Subtotal 12 r) • I~ 6,024 
St. Petersburg S • \-/ • ls.n 751 
Albert \'lhitted 19.3 9~" ,.) l , 
S t. Petersburg N.::. I S.;] 201 
Largo 9.0 l~ 5 0 
C 1 ean ... ater E. 5.1 250 
Clearwater N.~. 12. 1 6 or) 
Oldsmar 4.5 22 5 
TOT AL :U'Jl . ~ 1n,O G7 
1 S , 5~,) 
1,l Gfl 
233 
2,002 
2n,O e3 
2,5f1~ 
3,21 9 
2,6 r-;C! 
1,501 
834 
2, On ~ 
75 1 
33 ,5 Gl 
TABLE 7 4 
tlUTRIOlTS D ISCHARGED p,y :\~'IT S!:\-J.Ar.r: TRE~Tr~E~n PL,\~ ! '~ 
\'l ITH TAt-1PA AT I ! IG H SECntmARY 
TAHPA BAY, 2()()'1 
<Pounds Per Day) 
Treatment Plant r ..1GD p 
Tampa In G. Il 5,O n4 
Su n City 7 • n 5 ~ 
Palmetto 1.4 12 
~i ver Oaks 12. ~ 1M) 
1 2 r, • !~ 5,174 
~ , 3 t~ n 
175 
35 
"ino 
s, p-sn 
TARLE ~5 
TOT AL NU TR I ENT LO Af) I ' IGS 
(Pounds Per flClY) 
Loadinh Con d ition p 
(The first f our loadine conditions listed h~re re p resent the 
ctischar.<; es to Tamna f1 ay under the '-la ter nun l ity )a n?~f!ment 
Plan for the Tamna Bay Bas in.) 
1. 1976 
Se\'l2 .~e Plants 7<'.3 4 , n~H~ 1L~ , r-;R 
Industries 3~.1 1,2:2 1 ,1 r)l 
Natural ~ 23.,) 3,445 7,63 4 
934.4 fl ,071 23, l~ 21 
2 . 197 8 
Se\"-/a r.;e Plants 77. 8 1, R~u 5 , 91~ n 
In dustries 3Cj .1 1,222 752 
N? tural 223 .0 3,445 7, 63 4 
~3g . 9 5,4(')1 ll~, 3 26 
-. 1935 ,. Plants, A I.. '.! T .) . .., 
Sewage Plants 6g .1 57 S 1,72 R 
Industries 34.6 242 5 3 L~ 
Natural 313.0 3,445 7 , 5 31~ 
92 G.7 I~, 2 E 3 9,896 
4 . 2000 ~f Plants, ,'\\'IT 
Sewa ~e Plants 12 n • II 1 , '1 f) !~ 3 , rl1~ 
In dustries 3 I~ • 6 242 5 7., l~ 
~'Ji1tura 1 ~!l2 . LI 3,5 5 I~ 7 ,7 0 0 
1 , n47 . Ll I ~ , S '1 :) 11,33 f. 
- 1 '1;;5 :J Plants, !\\'IT :> • 
S~\'Jaa;e Plants G !~ • l~ 5-:;7 1, 511. 
Industries 3 L} • 5 2l~ 2 5") I~ 
r~ atural 8 2 :') . 0 3 ,44 5 7,f)34 
122 . 0 l~ , :2 24 9 ,77 g 
TABLE 25 (Continued) 
TOTAL NU TR I EN T LO AD I ,JG S 
(Pounds Per nay) 
Loadin ~ Cond ition t·1GD 
G • 2000 :; Plants, .!l.~H 
S-::: \O" age Plants 1 ~ g • I~ 
Industri~s 3 I~ • Fi 
Na tur a l ~g 2 .4 
1, 035 . 4 
7 • 2000 11 Plants, A\'JT 
Se'vJa.r;e Plants 2 rJ l.2 
Industries 34.6 
Na tural flc) 2.4 
1,1~ R .2 
0 2001) It Plants, Sec. OJ • 
S~\'/a g e Plants 1 2'1.4 
Industries 34. 6 
Natural 89 2.4 
1 , r) I ~ 7 • 4 
9. 2000 11 plants, Sec. 
Sev.,ra ge Plants 2nl. 2 
Industries 34. 5 
Nat u ra l Sg2 . 4 
1 , 1: 8 . 2 
Fl . 20~r) II Pl ants, AHT 
ex c ept Tampa a t hi ,,; h Sec. 
S CVJ2 c;e Plants 12f1 .4 
Indus t ri e s 3 4 . fi 
NCl tu r al 8'1 2 . 4 
1 , 'J !~ 7 • 4 
p ~ I 
~ 4 2,7 12 
21f 2 5") I~ 
3 , 5 5 !+ 7,7 <lO 
4 ,7 1'"1 11 , 031; 
1, Fi 7 ~ 5, 033 
21~ 2 534 
3 , 5 S I; 7,7 90 
5, 4 7 ~ 13 , 3 S7 
r; , 0 2 ~ 20 , 'nl3 
242 53 It 
3 , 55 !.t 7,7 90 
9 , 821 :2 8 , I~ n 7 
If1 , OS 7 33 , 551 
2 !~ _ 53 It 
-. ~ ~ r ) , :l :J:t 7 ,7 9r) 
13 , ;.'';3 41 , 8 ?' S 
5 , 17 !.! (\ , nSf) 
2 1~ 2 5311 
3 , 55 4 7 ,7 g0 
8 , 97" 17 , _074 
TASLE 2S (Continuerl) 
TOTAL ~ !lJ TR I ENT LOAn I NGS 
(Po und s Per nay) 
Loading Con d ition 
II. 2000 ~Ionpo in t So urces 
only 
Natu r a l 892 .4 
12. 2000 l~onpo in t Sources 
only, reduced hy 30 n, . ~ 
~'la t u r a 1 62 It. 7 
p ~I 
3 ,5 5 lt 7, 7C')f) 
2,4': :; 5 , tt 5 ~ 
Fi gure 54 . 
million Ibs 
of P 
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Figure 56. 
2.49 million Ibs 
of P 
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Figure 58: 
2.48 million lbs 
of P 
Figure 59. 
2.56 million Ibs 
of P 
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Figure 62 . 
3.97 million lbs 
of P 
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3.30 million Ibs 
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Fi gur e 64 . 
2.37 million lbs 
of P 
Figure 65 . 
2.21 million lbs 
of P 
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3.06 million Ibs 
of N 
cO!11p a rison b ~t\'Jeen the vC1riolls nlltrien r lO;'l rl inr; con r. itions as 
easy as possible. 
Table 26 presents a chart qUf"ntifyinp; the results of all 
the computer runs discussed here. Listed for ev~r y run are 
the loarlin ~ rates of each nutrient in pou n~s pp.r day , the 
total anount of each nutrient resir.in g in Tanpa ~ ay under 
cCluil ibriufTl conditions in nill ions of pOllnds, t~e mC'lxif11um 
concentration value present in thp qay for each nutrient in 
"'1g /1, and the location of that maxif11u'"'l concentr?tion. 
Very shortly~ the River Oaks sewage treatf11ent Dl?nt in 
northv,rest Hillsborough County is expecterl to go on-line with 
its new expanded 1~.S7 mgd capacity N 'lT plant, ta l~ in ~ in and 
treating the sewap;e that used to ~o to five snall franchised 
Dacka~e plants 
Tampa's Hookers 
rl isc ha r~ in ~ AWT 
1973. 
in the 
Point 
effluent 
vicinity. The plans for the City of 
plant c211 for it also to be 
( u 0 to ll - m:; rl) be for e tee n rl 0 f 
These pl ans were i ncl uded in the input data user! to mal'e 
the computer simulation for the w~ter qual ity of Ta~pa Bay in 
197 3 . The nutrient loadings from Se'iJar:>;p. pl<'lnts, industries 
a nd streans used for the 1978 sif11ulation are 1 iste rl in Tah1es 
~7, Ie a nd 15, respectively. The \·/ate r qual it y f71ocp.l wa s 
initi a l ize d ?I t the I fJ7G concent r nt ion rl istri hut ion s of total 
nhosDhorus 2nd total ni~r() sen, and \·,2S rtln lIs in- thr. ~.() 7 « 
r; r o j e cte ~ lOCldin p-:s uIl ti1 the rl i st ri !Hlt ions ci'l f'le to 
TAn LE 26 
QUA1TI F I r.AT l on nF ' 1()[) EL ~ES'I LT,) 
Total Pho s nho r u5 Tot a l Nitro?:e n 
LOi'l d- In r,<I y ~ ~ n x • Load - In R2IY ~ 'C'l X • 
i n ~ C1t Cone . in ": at Co nc. 
Rat e ~Clu i1. (nc; /l ) Pa t e EClu il. (rr1:': /l ) 
(l bs / ( n ill. (l ,,",s / (mj ll. 
da y) l hs } day ) l ~s) 
(The f irst fo u r l oa d in g condi t i ons 1 i st e rl he r e repr e s e n ~ th e 
d isc hC'lr ges to Tamp a Ba y under t hp. \'J<'lte r Qual i t y ~lan a ~ ement P1 C'l n f o r 
t he T2mpa gG Y Ba sin.) 
1. 1 97 6 8, fj 71 3. 65 1. II CJ 23 , 421 5 . 93 3. 93 
I I 
Hoo kers Pt Hoo ke rs Pt 
5 , 1191 2 . 82 1. a () lLl , 32S 4 . 37 1. 5 3 
I I 
Al a fia 0 ; \ . C1 ea n "lat e r E. 
3 . ::'::185 1+ Pl a n t s, .L\\IJT 4, 263 2 • LI0 
· ~ 1 ~ , s q s 3 . 77 1 • l~ 8 
I I 
Hi 11 s boro ll,r-; h R. Mc Kay Ba y 
4 . 20 00 4 Plants, AWT 4, 80n 2 .S R • ~ R 11 , 33 :: L ~ • 0 f) 1. R 2 
I 
!1c I\ay Ray ~ '1 c KCl y B2IY 
5 . ~ 9R S 3 Pl a nt s, AWT 4, 224 2 . 4R • 8 () 9,7 7 '0 3 .7 5 1. 4 8 
I I 
Hill sl)()r out;h \'1 '~ c I~a y Bay " . 
G. 2()')O 3 Pla nts , A\.JT 4 , 700 2 . SG QO • ., u 11 , 03::- 3 . 97 1. ~ 2 
I 
f1cKay 8uy ~1 e I(a y Ri'l Y 
7. 20nO 11 Plan t s, AW T :; , 11 7 LI 2. fl7 . f!~ 13 , 357 4 . 31 1 . 8 /1 
I 
r.1 c l~ay Say ~~ c I(a y Ba y 
TA BLE 2S ( Continup. d ) 
f1U .t\ NT IFI CAT I () ~·j OF f10l")E L ~r:S U LT ~ 
() 2101 4 Pl ant s, Se c. ' ) . 
9 . 21) Q() 11 Plants, Sec. 
11) . 2r)OO 
" 
Pl a n t s, A~~T ... 
ex c e pt Tampa a t 
hi ~ h Sec. 
11 . 20Q O Nonpoint Sou rces 
only 
12. 2 n n~ Nonpoi nt Sources 
on l y , r educed by 30 ~ 
To t al Phos pho r us 
Loa d-
in g 
R.<1te 
( 1 bs / 
rl<:l Y) 
C) , ~ 2 n 
13 , n63 
8, 970 
In 8ay 
at 
Equ i 1. 
Cn ill. 
l os ) 
~ 1 -
.) . L ) 
~ 'l a x • 
r. on c . 
(11 ;: /1) 
2. OG 
I 
Hoo ~~e r s ? t 
3 . 97 2 .1 0 
I 
!-l o ob~ r s Pt 
3 .3 0 2. 05 
I 
Hoo ker s Pt 
3 , 554 2. 37 .7 4 
I 
H ills ho rou ~ h Q. . 
2,488 2 . 21 .7 2 
I 
Hills h0rou p; h R. 
Tota l Nitrogen 
Loac -
i na: 
r2te 
( 1 ns / 
da !) 
2 ~ , lf . 7 
4 1 , ~L5 
17,17 4 
In flay 
at 
Equ il. 
( rn i ll. 
l os) 
5 . ~~ 
~.~ i1 X • 
Co nc . 
( rn~ /1 ) 
S. B8 
I 
I~ oo ke rs Pt 
8 . 63 5 .99 
I 
Hoo kers Pt 
4. 99 3 • l~ 5 
I 
Hoo ke r s Pt 
7,7 ~ O 3 .4 2 1. 13 
I 
Llj 11 s bo ro u~h P. . 
5 , 45 3 3 . nR . 9 4 
I 
Iii 11 s on roup: h R. 
~ q!J i 1 i b r i un . rcstll t i n.r: phosphoru s nitro~p.n 
~istributions are shown in Fi~ur~s 55 Rn d 57, respec t iv~ly. 
Note the p; reRt reduction in hoth the phosphorus and the 
nitro~en in Hillsborough Bay rlue to the plRnne d arlvancerl 
~aste treatnent plant at Tampa. The project eri rl ecrease of 
phosphorus loadinp;s to Ta~pa Ray fro~ 1 97G t o 1973 is 2,lRn 
lhs/day, a 25 decrease, which leads to a difference in 
calculated concentrrltions of about .2 ~ .~/1 in nld Ta~p.1 BnY, 
about .3 ~gll in Hillsborough [3rlY, anr.! .05 to .1 mgll in the 
rest of Tampa Bay. The P vrllue closest to the plant outfall 
at Hookers Point decreased froM 1.49 mg/l in the 197f) 
simulation to .81 m~/1 in the 197 8 run. Thus for a decreRse 
of 2,180 lbs/day of phosphorus loading, a net total of .~~ 
millions of pounds less of P will retain residence in Tampa 
Bay. The projected decrease in nitro~en loadings frOM lq7G to 
19 78 is 9 ,195 lbs/day (a :; <) 0: decrease in '1 ), \'/hic~ results 
in concentration differences of ahout 1. mg/l in Hillsborough 
Bay and an average difference of ahout .15 mr;/1 in the rest 
of Tampa Say. The total N value at thc Ta~oa outfall 
decreased from 3.93 ~~/l in the 197 6 simulation t o 1.43 m~/l 
in the 1978 si~ulation. Thus for a decrease of 9,n 95 lhs/day 
of nitrogen loadinr;, 1. 56 millions of pounds less of t·! \··Jill 
reside in the Bay. 
The current re~ional plan for scwa~e pl a nts in the Tampa 
R?l Y re !,,; ion salls for the follo':!in:: hy t~ e YC Cl r 1 '1:'; : th e : t. 
PAters bu r ~ S • L! • , s t. Pet e rs hu r ",: 
Petersburg N. E., Lar ~ o, Clearwa ter E ~ s t, Cl ea r water ~ . E . and 
Oldsmar trea tment pl a nts to go t o eit he r l ~ n rl s p r e a d in g or 
injection; and the Ta m;1 a, Sun r. i t ." Pa 1netto a nn 
River Oak s plants, ,-lith m<'lxi ntlr.] c Ll[)Cl cities of Sr) , 3 , l.tf an n 
4 . ~ 7 mgn , r e spectively, to ni s char~e ad vanc ed waste treatnent 
effluent to Tampa Bay. All projecte~ nutrient sources for 
1985 are listed in Tahles 19 ( us e the 4-pl a n t to t a l), 2f1 a nn 
1 5 . The results of si mulatin g this disch a r ~e c ond ition ar e 
shown in F i ~ ures 5 6 for total phosphorus anrl 6 8 for total 
nitrogen. Note the concentration r e ductions, pa rticul a rl y of 
nitrogen i n Old Tampa Bay, fron 117 R to 1 985 , rl ue to t he 
r eg ion a l iZ2tion of a ll domestic s ewa~e tre a t nen t o l a nts, t he 
non d isc h ar ~ in g to the Ray o f t h os~ pl a n t s alon ~ the westArn 
shore ;) nd the r ed uction in l oaoin g s frO f'l Ga r d ini e r, c:Jt t he 
mout h o f t he Alafi a Ri ve r. 
The p r ojected redllction in Dhos phorlf s loar in g s frof11 11 7 ~ 
t o 19B5 is ",22 8 l bs/day Ca 34 ~ r eduction in P), whic h l ead s 
to an overall di f f e r e nc e in concen trations of 2~OU t .1 m~ /l 
in Old Tanpa Ba y, abo u t . 3 n.r; /1 in Hil1 shorou Gh 8ay , (-'I n ri 
nhout ":1.0; / 1 in th e r e s t o f Tan pa Ra y . i hA p roj r. c te~ 
r ed uc tio n i n n it r ogen lOnd in gs i s 4 , 43~ 1 b s/ ~a y Ca 11 ~ 
r e ductio n i~ N) , wh ich l~ a rls to an oV Ar a l1 d i ffe r e nce in 
conc e n t r ations o f abou t. ~ mr; /1 i n 0 1rl Tanpa ~ a \ ' , a~ollt . (1) 
i n l~i 1 1s borou g h :i ay , ann 2h()~lt . 1 n:-:11 i n ':'1e r est of 
Ta rma Ra y. 
The r e~ ional plan also cnl1s for thp. expansion of th~ 
Tnmpa, Sun City and River Oaks se\,·/n 13e plants to maximum AI'o'T 
capncities of 100, 7, and 12 ~~rl , respect iv el y , by the ye~r 
~ ~10 . 411 projected nutrient S0 u r ces for 2nn~ are list e rl in 
Tab 1 e s 2 2 ( use the I~ - P 1 ant s '. I h tot a 1 ), 2 nan rj 21 , i'l n rl the 
model in ,,; results are shown in Fi,,;un~s 57 and S g . ~!otlc~ that 
there is 1 i t tle appreciable d iffere nce between the phosphnrus 
of 1 985 a nd 2000 , because the load in gs only increase d by 5 ) 7 
lbs/day. The e reatest d ifference occurs ne a r the Ti'l~pa 
outfall, where the calculated P concentration goe s fro~ .74 
mg/l in 19 8 5 to . 8 5 mr;/l in 200n. 
The p ro j e c ted 1 , l~ 4 r) 1 b s / d i'l yin c rea s e i nth e tot a 1 
nitrogen loading from 19f15 to 20 00 , howe ve r, produces an 
avera ~e concentration d iffere nce of i'lDout . 05 m~/l over ~ost 
of Tampa Ba y and a differenc e of abo ut , . - mp.:/l in 
Hillsborough Say. The ~reatest difference occurs in th e 
vicinity of the Tampa outfall, where the N conc e~t rntion is 
oro j e c te d tor i s e from 1 • I~!~ m Y'; / 1 i n 1 q e 5 to 1 . 7 7 m.~ / 1 i n 
? ~ oo , due to the expected in c r ease in [1ol1ul a tion Ca nd 
t he refore a lso in the rlischar~ e) o f Tampa. 
Since formulation of the afo re me nt ion e d nlan concernin ~ 
t he cons truct ion And expa nsi on sche du l e throu~h th e ye a r 200n 
of i'l ll : he sewa ge t r ea tment n l ~nts in the Tamn~ ~ay re~ion , 
s everal qu estions ha ve CO rle u;-) r e[';C1 r ~ in i'; t 'H'! f e as i h il it }, of 
departures from the nlan. The consequences ~s re ~~ rds water 
qual ity of these nepartures \",ere sir:1tllate ri on the Tampa RilY 
water qual ity COMputer mo del. 
O.u estion 1: ',"/ould therr-~ h~ <l ny tlDrrecin h l e rl ic fe rence in 
the water (]u~l ity of Ta mnr:1 r ay if t he River Oaks 
sewa~e plant in northwest ~ills~orou~h ~oun t y were 
to ~ease to provi rie ;'\ '. '~T treatMent, a nr. Dump its 
sewage to the Tanpa pl~nt instearl? 
Method: Lists of the input pollution sources for the 
year 1985, "lith River Onks not disch2rp;in ,";, are 
c; iven in Tah1es l ~ (use the 3-plant s u ~tota1), 2'1 
and 15. ~ote that the Tampa sewa g e plant was 
2ssumed to be rlischar~in~ at its maxi~u~ capacity 
':!~ ether or not River tJ al: s "/as (11s o rl isc , a r ~ in o; . In 
that \'/ay, the worst condition woulrl be simulaterl 
for either case. The resultin g nutrient 
concentr a tions for thi s run ore sho\'Jn in q~ures Sf. 
a n d 70. The 1 i s t of SOtlrces for tl:e year ~ '1'")n, \·lith 
th e same situati o n, a r e ',;iven in Tn h 1es 22 (use t h e 
j - p 1 ant SUi) tot n 1 )., ? IJ a n rl ~ 1. The r e s u 1 t s 0 f t his 
shulation a re sho' Jn in Fi n; llres 5:1 i'l n rl 7: . 
,A.n s l·:e r: COr:1Dari s o n o f t h e l c;,; ~ Dh o sD ho r lls nil ': nitro?;e n 
d istributions both \'lith cHl n vJithollt I\\"T rl isch n r p; p' 
from the River Onks plnnt (Fi~ures 5 S nn~ 5 3 for P, 
and Fi ~ ures til ann 7'1 for ~ l ) reveals no 2:.>p recia b le 
c ifference. In fact, th~ 3 9 l bs/~nY rl i ffe rence in 
phosphorus loarling pro rl uces n n ifferenc~ of , at the 
nost, only .11 mf; /l in the P conc ent rlltions, even 
very close to the location of the ~iver ()o'~s 
ou tfall. Likewise, a rlifference of 117 lbs/rla y of 
nitrogen loadine results in .02 r.1p;/l l ess in the N 
concentration at the outfall. Co~parisnn of the 
2000 distributions \'lith and ,.·Jithout /\':;T dischan;e 
f rom River Oaks (Fif';ures 57 and 59 for nhosnhorus, 
and Fi g ures 69 and 71 for nitro.r;e n) sh o·.!s the same 
trends in results. There is little ciifference in 
the concentro1tions d ue to the tl'JO rl i scha rge 
conditions, a ln n lb s/ciay reduction in phosphorus 
loadine leading to a rerluction of, at t he most, . 02 
~g /l in the vicinity or the River Oaks outfall, and 
c 30() lbs/rlay rerlllction in nitro :;en loa r:l in .r; s 
leadinl?; to a red uction of the 0, conc ent ro1tinn at 
t'1e olltroll of • '15 rrlrr./l. 
0. u e st iJ n ~ : \'/0 u 1 d L !1 e n: h F! (l n ~I s i "" n i f i c rl n t r! i .c fe r c n c c i f 
.. '" seWC'lge p lants 2 lnn ,n: the ,'!estp rn shor~ of TamOn 
~ ?y ' Jere ,-:11 to rJ i :; c ha r n; ~ r'.,I. IT eff l uent ilt0 the p,()y 
r ath er than .r; o to l (-l nd s p r ead in ,"'; o r G!'> e n "Je ll 
injection, as has been planned (ass u~ in ~ th~t 211 
other plants a r e i=llso discharp;ine MIT ef fl uent)? 
t·jethod: The lists of the inp ut f)o ll llt ion so u rc e s for tl-je 
year 2000 , i nclll d ine seven western p lants ( St . 
Petersburg S.' .. ' ., St. Petershur p; /\ l he rt "~h itt erl , St. 
Petersbur r; ~,I. ~ ., Lar S';o, Clean-later I=.:i'\st, Clean/ater 
N . ~ . and Oldsmar), are Given in Tahl es 22 (use the 
I I-plant total), /.0 an d 21. The resultin g nutrient 
concentrations for this computer run are shown in 
Fi g ures 60 and 72. 
Answer: Comparison of the 21 no phosphorus d istri but ion 
\'lit h 4 :\\'JT plants d ischar g in~ (Fi z ure 5 7) with t he 
c is t rib uti 0 n \'I i t hal 1 1 1 p 1 ant s rl i s c h 2 r r; in c; A ~ !T 
effluent CFi p; ure G'1) reveals 1 ittle d ifferenc e . The 
net difference in P loading woul~ only amount to 
G 71~ l bs /day. In fact, in Ol d Tamp a qay , the arer! 
\'Ihi ch woul d h e most i moClcted hy th~ a ,s ition a l 7 
;11 ants, the difference i n tota 1 ph os phorus 
c oncentrati0ns overnll ave r a~es l ess th 2n .~ 5 mR/l. 
T~e only ~ iff p. r e nces of any si g nific a nc e occ u r at 
t he location of the La r :;o o u tfall (. t; : ;'1 r; /1 of P 
with 4 p lants rl isc ha r 1 i np; ve rs us . ~2 m~/ l wit 11 
p l a nts), at the Clean-la t e r East o lltfall ( .7 4 r'F';/l 
,·ti t h l~ plants, . " 1 \'lith 11 plClnts), at the 
Clearwater M.E. o u tfAll (. 1 ~ 5 mp.; /l \"lith 4 plants, 
. 5 mg/l with 11 plants) an rl at th~ O lds~ar outfall 
(. 7 4 mg/l with!~ plants, . ~S mp.;/l \'lith 1_ plants). 
Co~parison of the 2~~ ~ nitro~en concp.ntrations for 
l~ A \H pl ant s ( Fir; u r e 6 g ) \'J i t h tho s e for 11 A ';.IT 
p lants (Fi-:;ure 72) shO'. ··/s a si .r; nificant d iffere nce 
only in Old Tampa 8 i'l~/ , du~ to the 2, 0 ... 1 l')s/riay 
difference in nitro~en loadin~. There is an overall 
increase of anollt.1 mr; /l in Olri TalTlp3 ~ ay due to 
t he ci i s c h a r .r; e s from the add i t ion a 1 pl ant s, VI i t h t h Po 
~ reatest differences occurring at the locations of 
t he outfall from th~ Larp;o Dlant (. 9 3 r1.~ /l of ~' I 
~ ith 4 nlants dischar ~ in ~ versus 1.~1 fTl~! l wit~ all 
11 plants d ischar ~ in ~ ), a t the ~ l ea r 1a t e r ~ ast 
o utfall (. 93 n g /l with 4 plants, 1.1 q m~ /l with 11 
p lants), at the Clean-la ter ~ !.E. outfall (. S I 'l1 r.; /l 
~ ith 4 Dlants, 1.03 m~/l with 11 ~l a nts) an d at the 
Ol d smar olltfall (. C)Q rl ,,; /l ··lith If Dlant s , 1.31 t'1r;/l 
~ i th 11 ~lants). 
0. ue:; t i 'Xl ~ . J . 
t r ea tment 
'.'! h Cl t d i f f~ re nc ~ ·.' /oll l e! r e s u lt i n t h r> ':./a t e r 
[1 1ants (1 11 o·. ·l ~ d to cl i s c ha r .n: e 
seconciary effluent rather thnnl\'H? 
~~ethorl: The lists of the inr>llt r>olllltion sOlJrces for the 
year 2000, allowin~ the four disch2r~in~ plants to 
t reat to a seconciary 1 evel rather than t.,'H Clrf~ 
:~ iven in Tables 23 (usc the I~-f'llant subtotal), 21) 
2nd 21. The resultin~ nutrient concentrations are 
shown in Fi~ures Gl and 7~. 
Ans\,.fer: Comparison of the 200r) totrtl phosphorus and 
nit.rogen concentrations "lith l~ f.l.l"T f'llants (Figures 
57 and 59) with concentrations with 4 seconrlary 
plants (Fi~ures 51 and 73 ) shows an increase in the 
nutrients if the sewrt ge plants rlischarge secondary 
rather than AHT effluent, particularly in locCllizerl 
a reas of Hillsboroun;h ~ny . lJ nde r these conriitions, 
the average phosphortJs concentration would increase 
about .S mr;/l in Hillshorou.r;h ~ay and ahout .1 m~/l 
i n the rest of Ta~oa Bay. The g rentest d ifference 
in P would, of COllrse, occur in the vicinity of the 
T2r10a olltf;)ll locate,1 at Hookers Cloint, where the 
\'.'? te r \<.fOU 1 d have . i\ 5 r1!',:!1 .:!i th i'ln I),''IT eff 1 uen t ann 
Z.:6 rTJn;!1 with s econniJr\!. The i'lvera,,;e nitroge n 
concentrntions in Hillshorough ~ay woul d be aroun~ 
m~/l h i ~he r with s~conrl;)ry trerttnent than with 
AWT, and about .3 m~/l h i ~ her in th~ r e st of Ta~p2 
Bay. The most dramatic d ifference in nitrogen woul rl 
occur at the Tampa o ~ t f a l1, where t he water woul ~ 
have 1.77 mE; /l \·J! th ~\' IT d isr: hn r .o.: es c!n ri :; . 8 ~ rl.n; /l 
\\l ith second a ry. 
Question 4: Would there be any si ~ nificant difference if 
the sewa ge plants alon~ t he western shore of Tanpa 
Ba y were all to d lsc ha r ~ ~ secon da r y ef fluent in to 
the Bay rather than ~ o to lan d sprea rl in ~ or deeD 
well injection (assu~ln ~ that all other plants also 
d ischarge secondar y effluent)? 
~' '!e thod: The lists of th e In nu t pn ll ut ion snu rces for the 
yea r 2000, wi t h all V/a ste'"ater tre a tment plan ts 
rl lschar ~ ln ~ secondar y ~ff 1 uent , Incl url in ~ the sev e n 
plants alon g the we stern coast of Tanpn Bay (St . 
Petersburg S.I'L , st. Pe tersbur~ A1hert ' !hitted, St. 
P e tersbur ~ rJ.!: ., Largo, C1ear·.··!a t e r East , Clearwat e r 
N. E. and Oldsmar), are ~ Iv e n In Tah1es 23 (use the 
Il-p1ant total), 2" a nd ~1. The r esu l t in p: nutri ent 
concen t r a tion d i s tri ~ :J t i nns fo r th i s run are shol'm 
in F I ~ u r e s 62 and 7 !f . 
.\ :1 5\,/e r: Campa ri son o f ;1 hosphor us 
d i s tribution with 4 s e condary Dlants rli schar~in~ 
(Fi ~ure 61 ) with the distrihution with all 11 
plants dischar ~ ing s~condary effluent (Fi gure G2) 
reveals a si ~nificant diff~rence onl y in Ol d Ta mDa 
Ba y, where the overa ll concentration of P is ahout 
. 2 m~/l hi ~ her with the additional seve n plants 
d ischar p; ing secondary effluent. The p;reatest 
d ifferences occur at the location of th e Lar~o 
outfall (.7~ m~/l of P with 4 pl a nts d ischar~ in p; 
versus 1.S5 mg/l with all 11 plants dischargin p; ), 
at the Clean-later F:ast outfall (. 31t r.1f'; /l vJith 4 
pl ants, 1. 27 mg/l with 11 plants), at the 
Clearwater 11 ~ • • • I. •• outfall (.5 3 m~/l with 4 plants, 
1 .36 m~/l with 1 1 plants) an~ at the Oldsmar 
outfall (. 37 m~/l with If plants, 1.5 _ r:1~ /l with 11 
nlants). Co~pari50n of th~ 2~~~ to t a l nitrop;e n 
concentrations when 4 secon dary plants are 
d ischarg inp; (Fi gure 7 3 ) with the conc entrations 
when a ll 11 plan t s are dischar~ln g (FI~ u re 74 ) 
aga in reveals a sl ~ nifican t difference onl y in nl~ 
Tam p a 8 a y, I, 'I her e the 0 v era 1 1 con c e n t rat Ion 0 of 1 I s 
abo u t • [) 'll[';/l hi o; he r "Ii th t he a r!j t i on;)1 s e ve n 
Dla nts rlis c ha r ~ i ng . 7he ~ r e at est d i fferences OCCJr 
at the L (1 r ~ o out f a ll ( 1 • 2 !f f"Il ,o; / 1 wit L t~ P 1 (1 n t s 
~ ischar r; i n~ ve r sus 3 .7 G no; /1 of 'I ~'Jith <'1. 11 IJ. 
;J lants c ischa r n; in g ), At t h ~ rl ea rvlClte r C:a s t otltfa ll 
(1.32 ~~/l with 4 plants, 2.7~ m~/ l wit h 11 
plants), at the Cle a r wn ter ~ I.E . out fa ll (. 8 5 n .o;/l 
with 4 nlants, 3 . S0 m~ /l ~ it h 11 nlAnts) an~ At t he 
Oldsmar outf a ll (1.':. -:; '1",: /1 ' .. lith II rl<1n tc; , 3 . 55 ",,,:/1 
vii t h 11 p 1 ant s ) • 
question 5 : 1:lhClt l'Joulrl he the res ult \·Jit ~ re n;a rei to 
nutrient distrihlJtions in Tamp<'l P' i1Y if the Ta r-lPa 
sewage treatment plant were to dischar~e a hi ~h 
Qual ity secondary (P = G mfT,/l nnei tl = J. O m~/l) 
effluent, 'vhile <'111 other plants d isc han;p.rl .f.,I"T (P 
= 1 n~ /l and N = 3 me /l) effluent? 
,1ethor!: The lists of the inp ut pollution sou rces for 
this condition ? r ~ ~ i ven in T?h l e s ~ 4 , ~~ anr. ~1 
The resulting distrihutions of totAl ;>h os!1 h()rll s and 
total nitrogen concentrations are sho 1n in Fi~ures 
63 and 75, respect ively. 
.lI.n Sl'le r : The pho s phor us conc~ntrations rlue to this 
cond ition (Fi ~ ur e G':) are verv sirli1 2 r to tll OS e 
r e sultinE fro~ all fO il r nl tmts .-f isc ha r r; in r; 
secondnr y eff luent i n the year 2r'l'1f) ( q "; 'Jr e C 1.. ), 
,.., J ln ce th~ defini t i on for s econ rl<'l r y IISP.rI in tl i s 
re ;:1o rt i s : P = 6 r.1,,; /1 n n ri n = 2!1 rln;/1 (2~ ), t he 
rhosphorus concentrations in Tarlpa Ray a r e a 1 ~ost 
identical for both simulation s , th~ onl y 
d i~f e rences of any note occurrin~ in t he i r1rlerl i R t~ 
vicinities of the oth e r 3 sp.\ '.'a,;p. p1;mts , \'/hic ~ a r e 
r e latively insi ~ nificant COrl Darerl to Tampa. The 
~ reatest difference between the t wo c0n d itions 
occurs a t the Su n ~ity o utfall in the Little 
r~a natee River, wh ere a concentration of . 42 rlp;/1 of 
P is found ,-",hen Sun City d ischarges !\\' T eff1lJent 
and • 6 3 i s f 0 lJ n d VI hen the Sun Cit y d is c h a r ~ e i s 
secondary. The totn1 nitrogen concentrations for 
th is condition (Fi ~ u r e 75) arrear t o fall a~out 
ha lf-way hetween those resulting frorl all 4 r1ants 
bein?; AWT (Fi ~ ur e Sl) and all L~ n 1 a nt s be i n P.; 
secondary C~i ~ ure 73 ). Th~ 1 rentest c onc~nt rat io ns , 
of course, occur close to th e Hookers ?oint outfall 
of the Tampa plant. The value s of nitroce n at the 
Tampa outfall unde r the t h ree loa n in g conr.itions 
ar0. as fo1lm"!s : 1. 77 1'1 .0; /1 I",he n nl1 11 n1ants are I\"!T 
C" = -, M1 /1), 3 ./~5 ;->~ n; /1 \·"hen <1 11 <1 r e .\·IT e:<c ent 
:?rlpa wh ich i s a hi ~~h r-; rCl rte se conda ry ( J = In 
:-->:-:; /1 ) , a nd S . f'R ''In; /1 \,/~v~n <111 !~ n1a nts n r c 
s~con cl<1 r y ( " = 2 n :1 .n; /1 ) . 
Question fi : Ho'" nuch differencp. \"JOulrl it i'1ake to the 
nut rient w~ter ~u~l ity of Ta~pa a y if a ll roint 
sou rces were to cease d ischarg in~ into t he Ray ? 
t.lethon : Table 21 li st s a ll the estimate '; non no int 
sources dischar in~ into Tampa na y in the ye a r 
'20'l O. The resultin ."; phosphorus an n nitrop;~n 
concentration distributions are sho 1n in ci~ures 64 
and 76, respectively. 
Answer: The distribution of phosphorus concentrations 
for the year 2 I') ()(l due only to non!,,>oint sources 
( Fi gure G4) is ver y sinilar to th2t with four 
plants dischar~ing AWT effluent (Ci~ u re 57) for 
nost of Tampa Ray. The average overall d ifference 
i n H ill s b 0 r 0 u ;; h Say rl ' 1 e tot '1 e rl i s c h 2 r .... " f r 0'-' t r, 0. 
Tampa sewage plant and the Gardinier outfall at t he 
nouth of the Alafia q iver is about . 1 :lg/1, \·,J!th 
th e g reatest differenc e occurrin~ in t he vicinity 
~f the Tamna outfall (.5 " m7,/1 \·" ith no [)f)int 
sources, and. ~ 5 n~/1 ... Ji th L~ ,,"!T s e\','C'lf'!'e Dl ants an n 
al l n rojecte d 20nl') in dust ries>. The rl is tr ib ll tion of 
,it ro ~e n f o r the year 2~~1 due on l ! to nonpoint 
sou rces (Fi !?;u r f: 7 r, ) shol/s an ove r a ll vera ,?; "! of 
cDout . ~ 7 :.1(,; /1 lO' Jer concontrations tl,an the 
d istribution dlle to four se\.\fage plan t s disch r:l r r; in": 
AWT effluent (Fi ~ ure G9 ). The avera ~e difference in 
Hillsborough Bay due tf) the disc har !:: e fron the 
Tam pa plant and lOr:lriings from in ~ ustri a l sources 
such as Kaiser, iHt rAm a nd G"r d inier i s a hnut . 3 
n~/1. The ~ rea tes t rl i ffe rence occ u rs a t l ~ oob:~ rs 
Point (.95 m~/l with no point sources, an rl 1.77 
mg /l with 4 AWT s ewa ~e pl"nts an d all project eri 
year 2000 industries). 
Question 7: Ho"" much difference would occur in the 
nutrient water qu a l ity of Ta~pa BAY if nnnnn int 
source loadin ~ s co u l d he reduced by 3 1 pe rcent? 
"',etho c! : The loadines du p. to the nonpoint sources bein g 
r e duced h y 3:) percen t I'Inul d be 7 '1 n~ r c t')nt f) f p. a c h 
of the loadinF.;s 1 isterl in Table ~ l. The reslllts of 
this reduction in the r unoff loarlln ~ s ~ re s hown In 
Fi ~ ures G5 and 77. 
I'ms v/e r: The total pho sp hor us concentrations in 
!..{ illsborou r; h 8ClY dup to a 3 '1 nercen t re duction in 
nonooint s ou r c e lOC1 d i np; s ( r: • . Ir:u re "i s) Cl r e on t he 
2ve rage <'lbo u t . 17 n~ /l l e s 5 t han thp. c nnc entrAti ons 
·:: it ho u t a r erl uction (r- i ;; u r e r. L~ ). Th~ :qfferf~nc p in 
t he rest of Tanpa ~ay i s nnly ahOt lt . 12 'i~ /1. The 
~roatest differences occur at the ~ouths of the 
princinal rivers stIch as the Hi 11 s boroue h ~ iver 
(. G4 r'1~/1 with reduction of the nnnnoint s o urces, 
an d .74 m:; /1 witholl t re nt lction), t e Da l r'1 ~ iv e r 
( • l~ 6 
reduction), 
,.Ji th 
the 
n~dt!ct ion, .5 ! ~ r.1<; /1 vJitho u t 
Alafia River (. 1~2 r"lr; /1 ,,'itl, 
red u c t ion, • S 2 m ~ /1 I·d tho u t r e nu c t ion ) a nrl th e 
Little t,1anatee River (, 2 :3 r.1.~/1 ''lith re duction, . 3f) 
me/1 ,·Ii thou t reduction). The tot a l nitrogen 
concentrations in Hi 1 lshoro!J[';h Bny nue to a 
reduction in nonpoint snu rce loanin ~ s (~igure 7 7) 
2verag e about .1 5 m<;/l less than th e concentrations 
1·1i thout a n~dllction (Fif;ure 7 C, ). The avern .~e 
d iff ere n c e i nth e n~ s t 0 f T rl m naP, a ~ I i 5 abo lJ t • 1 S 
";l~ /1. The g r e atest d if f er e nc e s occ u r 2t t he r'1DU f: t,S 
of the principal rivers such rlS the t!illsborouc;h 
River (.9 4 M~/l with red uction o f t he nonpoint 
sources, and 1.13 mg/l wit hout a renuction), the 
Palm River (.75 mg/l with re duction, . g L~ me /1 
without reduction), th e Al a fia ~ive r ( .7 ~ ~g /l wit t, 
r ed uction, 1.f10 n r; /l "Jithollt re rl lc tio n ) an rl the 
Li t tle f ' ~Cl nCltee River <. ~ : :'1~/1 ,·li th r e r1u c t ion, . 7". 
~~/ l without reduction). 
For a n ~vervi ew of the d if fe renc es in th e conc e ntration 
r:!istributions resulting frOM the vrlriotls n ll trie nt loarlin ,,: 
conditions d iscussed above, several strate~ic l oca tions in 
Tampa Sa y ':Je re selected for conpa rison purooses. See Fi p;l lre 
78. Table 27 
concentrations c:lt 
sinulations. Note 
lis ts 
these 
the 
the res ult a nt 
locations for 
expected ov~rall 
toto1l P~lOspl:orLls 
n 1 1 the c 0111 P! ! t e r 
decrease in the 
concentrations from 1976 throu ~ h 1 ~~5 due to i l11p l ementation 
of the plan for regional iZntion of dome stic s eWR ~e p l~nts in 
the Tampa Say r eg ion, then the sli ght incre a se in i.onn 
because of the projected increases in ')opulation. 
Figure 78 . 
Locati~ns of Phosphorus Comparison Po i nt s 
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TABLE 27 
CO' 1P. RISON OF TOTAL PH OSP!W P'l 'S CO N CF.~ 'TRA T ! n~! . 
Loc<':ltion Point 
1 2 5 5 
(T he f irs t four loading conrlitions li :; ted here re p r es~ nt th e 
riischClri;es to Ta r:1 pa Bay under the \'!atcr 0ual ity ~1a nn p;e."e n t Plan 
f() r the Tampa Bay Basin. ) 
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· 
, r 
1. 1978 .15 • ") I~ . 51 .56 .G G .71 .7 2 . 8 1 
3 • 1985 I~ Plants, AI'/T .13 .30 • I ~ ,- .50 . 5g . fi4 . 61 .74 
[ I , . 200a I~ Plants, AHT .J.3 .31 . 4 5 .5 :!. . 61 • G 6 . 65 . 3 S 
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r.o r! CL US I r; n s 
1. The U.S.F. water ~u~l tty b~y n o de l accur~t e l v nre ~ ic ts 
tot a l ,hosphorus. There i s so~e prohleM, howeve r, wit h 
total n itrogen, wh ich h~s not he en r c s o lv e j . Th i s nn y 
res u lt f rom the d ifficul ty of mak in ,O; a cctJrate 
measurenents of the total nitrno;en thro llo;hotlt the wate r 
co 1 umn, \'Jh i chi s \':ha t the ". S .F. fTlorlel calc 'l~tes. In 
li gh t of this discrepancy between me~ s u r erl anrl 
calculated total nitro~en, and th e equally ~ reat 
discrepancy between the tot~l nitro~ens measurerl by 
d iff ere n tin v est i gat 0 r s , i t m i ?; h the ~ s I, e rl , I' \ ! h y hot h, e r 
with simulating nitrogen concentrations C'lt a ll?" It is 
hetter, however, to hav e some esti ma t e of the tot ~ l 
possible by consirlerin g it to be a tot al l y 
cons e r va ti ve s uhstance , than not tn h~v e an y e s t imate ~t 
C'll 1 • 
2. Considering the accuracy of the Model with respect to 
-' . 
phosphorus, it can he assumed t~ a t accurate predictions 
of the \'/ater qual i t y parafTlc ter concentrations have been 
ma de f or the p r ojecte d loa rl in ~s incl ude d in t~is r ennrt . 
r, 1 1 con s t r a i n t s Cl 5 i rl e , 1 oo!: i n J; Cl t the v f.1 rio lJ s st r at e p; i e s 
th at ha ve been p.xam ined, i t Mli st he conclllder that the 
st r ate ~ y fo r 2 c h i e vin~ an d na in t C'linin~ t ~ ~ ~~ st wate r 
qua 1 i ty in Tamna RFlY Is tha t con t a i nerl in the \'In te r 
Qua 1 i ty r' 1ana~ement Pl an for the TafTlpn '1r\'j Q2 s in. 't Is 
recog nized, however, th?t, due to the ener~y prohlem, 
the economic olltlook for the nn t ion has chanp;e d 
drastically since the forfTlulatian of this pl a n in lq7 3 . 
Therefore, economic and ener,,;y constraints ma y restJ1t in 
devintions from the orl~inal plan, anrl the ~ ue stion ~ay 
\>Jell be asked, " Uhat is the nest '-later qu?l i ty the'lt th~ 
Tampa Bay reg ion cc'ln afford?" 
4. Nonpoint source abatement w()uld not result in any great 
improvement in the water qual ity of Ta fTl p? ~ ay. 
5. Oisposal of?s r,ltlch of the re~;ion's se\,I?~e as ::)ossihle hy 
means of land spr~adin~, neep \'Jell injecf:ion, Gulf' of 
"lexica outf?ll or ?ny other altern?ti'lp. to <i ischar p; e to 
the Ta-:1pa ~ n y Systen I'·ill rp.slJlt in he t te r \" Cl1:-: r fl uali tv 
within the BC'lY. 
'3. It is concluded fro""! the model results, t hat if the 
-dischC'lr ge to Tampa Bay fron se~(1ge treC'ltnent olants can 
be restrC'lined to the four re~ional plants nentionerl in 
the Ta~pa Bay ~ asin plC=ln, the ye e r ~ f') 'l ; " ! C1 t~ r q'JC'll it y 
~ ·Jill :)e very con narnble to 1 '1 7fi fl tJ C1lity i~ th~~! ~'JOlIl rl b e 
~llowe ~ to di s char~ e secon d?r y effllJp.nt. 1 t "lust be 
rc~ cal 1 f: ~ t hat 2 \! e r ',.' 5 i n; n i f i c Cl n t i fT1 n r () v e :r:e n tin the 
water ':1 u?l ity of TClmn('} :1ay a l rea d y too ; ~ :11 2 c e in tl-,e 
ye a rs ~ etv."een 1 9 73 anrl 1 Q7G, nn rl the r e 1 0 tiv ~ 
improve~ent achievahle ev en with the rlan ~nu lrl not be 
of the same order of ma~niturle as the 197 3 -7 ~ chan 7e. 
7. It is conclurled from the G1nrlel n~s Ll lts t h .::Jt, a s far a s 
~hosphorLls and nitro~en are concernerl, there will b e no 
si ;;nificant difference whether the e XPC1nrle d .t..'1T ~ iver 
Oaks se''iage plant d ischarr;es to Tartlpa 8ay or not. 
RECO ~ I~ i ENn 'l.T I 'VI S 
1. Any sewa~e tr~at~ent plant that is consi de re d for 
disch a r :>; c to Tamj1a ~ay sholll t1 provi dr., a t t he ve ry 
least, the very he st second~ r ~ tre~ tment ac~ ie v ~ h le. 
2. If it should, in the future, he cofTle necess~r y for any of 
the ~lants currently sche rl uled to use a1ternat~ d ispns~l 
methods to become dischar~ers into the th e Tamp~ ~~y 
Syste~ , it is recommended th~ t considera t ion ~ e ~ Iven to 
an extended outfoll or, even hetter, a Gulf of ~,1exico 
outfall. 
3 • If deve1oj1ment ta ke s j1lace In sou theastern 
Hi11shorough County, consideration shotJ1rl be g iv~n to 
the d isposal of any scwa~e effluent in such locations a s 
to e ns u re rapiri transj10r t Ottt of T ClfTlOCl f\Cl ~.t. 
4 . Althou g h cost-effective Metho t1 s of c a ntrall in ~ nonpoint 
sources should he emoloyed wherever f e asih1e, it is not 
recommended that any mCljor investMent be ma~e in 
nonpoint source ahatement, since it VJou1d no t res tl1t in 
an y --; r eat i mprovement in t he l'Ja t r> r Q tal it ~' o f T~ r l p2 ~a/ . 
I t i s a lso r e corlmenclr>d t hi'lt e ve r y r> f f ort he marl e , by 
e xa min a tion of a ll avai1a h1e "'1ater (]ua1 it y dat<1, t o 
de t e rn i ne \,/11at ':Jou l d cons t i t tltf' un ~cce n t ~~ l e \'IC'ltcr 
Qual ity for Tamna Ray. The a~sence of any clearcut 
criteria for [)hos[)horlJs and nitror;en in a bay leaves 
open the ques t i on of hOl"I nllch po llllt i on aba tenen t t s 
enoueh i n order to r:1aintc:lin a healthy estllary. 
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